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Abstract
Climate change is drastically impacting the Arctic environment, leading to rapid sea ice loss.
Many commercial sectors perceive the retreating ice edge as an opportunity to expand and
develop their industries. Therefore, maritime activities such as shipping, tourism, fisheries,
oil and gas exploitation are expected to grow. The overall objective of this thesis is to analyze
the relationship between sea ice variability and the development of maritime activities, in
particular cruise tourism and fisheries, around Svalbard between 2012 and 2018, while
reflecting on the wider governance implications of these transformations. Both cruise
tourism and the fishery industry operate close to the ice edge and depend on sea ice services
to sail safely in polar regions. To analyse the relationship between sea ice variability and
maritime activities, a series of maps were made by using different datasets. The sea ice
concentration was derived from passive microwave satellite data retrieved from AMSR-2.
The information about vessel mobility was derived from Automatic Identification System
(AIS) data provided by the Norwegian Coastal Administration, showing the position of
vessels sailing in waters around Svalbard. These datasets were merged, and the analysis
reveals a clear increase in maritime activity over the past six years, both in terms of number
of vessels operating around Svalbard, and in terms of the stretching of operational seasons.
Additionally, decision-makers related to maritime activities in Svalbard were interviewed
on the type of information used to consider risk assessment, management and planning in
waters with sea ice and how sea ice variability affected decision-making. Combining remote
sensing data analysis with interviews with captains, a sea ice researcher, and representatives
of fisheries and cruise tourism organisations gave additional insight into how sea ice
variability affected maritime activities in the region. The cross-disciplinary approach used
in this project will clarify the relevance and implications of sea ice variability in decision
making processes and the management of maritime activities around Svalbard.
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1 Introduction
Globally, the large range of effects induced by climate change includes the melting of
glaciers, ocean acidification, increase in storm intensity and sea level rise. The Polar Regions
are the most climate-sensitive in the world, and temperatures in the Arctic are rising more
than twice as fast as the global average (Overland et al., 2017). This increase in temperatures
results in large changes in sea ice conditions, with both thickness and extent following
negative trends (Cavalieri & Parkinson, 2012; Kwok et al., 2009; Kwok & Untersteiner,
2011; Meier et al., 2014; Stroeve et al., 2014). The decline in sea ice extent is accelerating
and the ten lowest annual minimum sea ice extents recorded since 1979 occurred in the 21st
century (NSIDC, 2018). Considering the interconnectedness of the environment with other
societal domains, declining sea ice is also generating social, political and economic changes
(de la Fayette, 2008; Meier et al., 2014). The decline of the sea ice cover is not perceived as
only negative in different economic sectors. Many Arctic and non-Arctic states see an
opportunity to develop shipping, tourism, fisheries, and offshore natural resources extraction
in newly accessible waters. The expansion of these industries could strongly influence local
and global economies (Bekkers et al., 2017; Borch et al., 2016).
Cruise tourism is one of the fastest-developing industries in the Arctic (Dawson et al., 2014;
Pizzolato et al., 2013). Commercial shipping is strongly developing in the Russian Arctic
along the Northern Sea Route, which is the busiest cargo shipping route in the Arctic today
(Eguíluz et al., 2016). In 2018, just under 10 million tons of goods were transported along
this route (Staalesen, 2018). Most maritime activities in the Arctic take place in the
Norwegian, Barents and Kara Seas and north of Svalbard with fisheries as the dominant fleet
(Eguíluz et al., 2016; Larsen, 2017). Increasing vessel activity in the Arctic could bring
additional pressures on ecosystems and local Search and Rescue (SAR) services. It is
important to understand how maritime activities are evolving in newly accessible waters and
to comprehend their governance implications, in order to manage them in a safe and
sustainable way.
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In the Arctic, maritime activities depend on sea ice information, as ice remains a danger to
avoid. The development in technology has enabled pan-Arctic observations using satellite
remote sensing, allowing to produce daily ice charts that are essential for vessel navigation
in the region. The number of sea ice services, governmental and private, that provide ice
charts is increasing, giving the end-users a range of choices (McNie, 2013). However, the
inadequacy between services supplied and end-users needs is gaining increasing attention
with growing maritime traffic in the Arctic (Lamers et al., 2018). It is in the interest of
governance of maritime activities to provide users with adequate sea ice services. These
services are a key tool to promote safety for operators sailing in the Arctic by reducing the
risk of an incident in polar waters, hence protecting the natural environment (Van der Zwaag
et al., 2009). The management of maritime activities in the Arctic is complex, as operators
sailing in these waters must comply to different regulations that change between regions and
are not fleet specific (Pashkevich et al., 2015).
In this thesis, the relationship between sea ice variability and maritime activities in particular
expedition cruise tourism and fisheries around Svalbard is examined. The archipelago of
Svalbard is located at 78° N in the European Arctic (Figure 1-1). Svalbard and the
surrounding waters combine unique oceanographic features, a governance framework built
on an international treaty signed a century ago, and waters holding the northernmost yearround maritime activity. This thesis focuses on passenger vessels, the fastest growing
industry in the region and fisheries, the dominant fleet in the region. Analyses of the activity
of these industries will allow to determine the effects of rapid transformations due to climate
change and the governance implications to adapt to these changes. The results can help
predict the mobility patterns of maritime activities in the European Arctic and will contribute
with knowledge about the complexity of natural, socio-economic and political
transformations in the Arctic.
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Figure 1-1: Location of Svalbard in the Arctic and regional bathymetry.
Source: Vihtakari, 2019.
The main objective of this thesis is to analyze the relationship between sea ice variability
and the development of maritime activities, with particular attention to cruise tourism and
fisheries, and to examine the governance implications in order to answer the following
research questions:
•

To what extent are sea ice decline and sea ice variability reflected in the activity of
fisheries and cruise vessels around Svalbard in the period between 2012 and 2018?

•

What are some of the central governance implications to promote safe and
environmentally sustainable development in the light of increased maritime
activities around Svalbard?

Over the study period, monthly maps were produced to visualize the sea ice concentration
and vessels movement simultaneously. These maps show the activity of passenger and
fishing vessels around Svalbard. In addition to these maps, interviews were conducted with
captains, a sea-ice specialist and representatives of supportive organizations in the industries
under study to include perspectives on the implications of the sea ice variability in decisionmaking processes in Svalbard (Chapter 3).
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In Chapter 2, a description of the methodology and datasets used in this interdisciplinary
project is given, which combines a literature study, remote sensing data analysis, and
interviews. In Chapter 3, the literature study defines the term sea ice and explains the causes
of its decline, focusing on its changing characteristics around Svalbard. Chapter 4 first
provides the necessary background information for understanding the implications of
environmental transformations on societal, economic and political context on governance of
maritime activities in the Arctic. The chapter then focuses on aspects of governance of and
around Svalbard, and ends with an exploration of the development of expedition cruise
tourism and fisheries sectors in the region. The results obtained through the data analysis
and interviews are presented in Chapter 5. These results present a series of maps that
illustrate passenger and fishing vessel activity around Svalbard and elaborates on important
themes from the interviews such as sea ice services and SAR. In Chapter 6, I discuss the
governance implications in the development of the expedition cruise and fisheries industries
around Svalbard based on the findings of Chapters 3 to 5. Finally, Chapter 7 provides
conclusions on the relationship between sea ice variability and the development of maritime
activities around the archipelago of Svalbard. To improve management of maritime activities
around Svalbard, further research on determining areas that present different levels of risk is
needed to direct the development and implementation of fleet specific guidelines. This could
also benefit navigation management throughout the Arctic.
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2 Methods
This chapter describes the methodology used to answer the questions of this thesis. Two
approaches were used: (1) a quantitative approach by combining data on sea ice
concentration and vessel positions on maps and (2) a qualitative approach consisting of a
series of interviews conducted with relevant informants working in the cruise and fishing
industry as well as in sea ice services. This interdisciplinary approach allowed to connect
environmental changes (declining sea ice), industry development (passenger and fishing
vessels mobility patterns) and governance of maritime activities (decision-making). The first
step was to understand the dynamics of sea ice and how climate change is impacting the sea
ice cover (Chapter 3). The second step was to identify the different regulations that apply in
the waters surrounding Svalbard. This was achieved with a literature study based on work
done by Dawson et al. (2014) and Pashkevich et al. (2015) to determine the institutions
involved in governance of maritime activities at different levels of government (Chapter 4).
The ship tracks were analysed from Automatic Identification System (AIS) data, similar to
several studies that have used AIS to determine mobility patterns (Eguíluz et al., 2016;
Kroodsma et al., 2018; Pizzolato et al., 2016). In the Canadian Arctic, a visual comparison
of ship tracks relative to ice cover was done by Pizzolato et al. (2016). To study the ice cover
around Svalbard here passive microwave sea ice concentration data retrieved from Advanced
Microwave Scanning Radiometer (AMSR-2) was used. In parallel to the analysis of ship
tracks and sea ice concentration, interviews were conducted to understand the implications
of governance. Combining these analyses allowed to develop relevant discussion topics,
reflecting on how an increase of maritime activities implies changes in governance of these
industries.

2.1 Literature study
A literature study was done to identify the current status regarding interactions between the
different components concerning the natural environment and human activities system of
maritime traffic in the Arctic in general and around Svalbard. This study elaborated on the
environmental changes due to climate change, the maritime activities taking place currently
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and their governance context. The insight into the different topics was achieved by studying
literature obtained through online searches on Google Scholar in which the key words in
Table 2-1 were used and combined in different ways. Due to the scope of this thesis and the
associated time, the relevant information on sea ice, maritime activities and governance to
complete the literature study was reached with over 80 articles and reports studied, where
additional literature added little new relevant information. The literature study informed and
provided directions for the rest of the thesis.
Table 2-1: List of key words used for the literature study.
Chapter 3
sea ice variability, climate change, ice edge, Arctic, Svalbard,
Arctic sea ice
sea ice extent
Chapter 4
governance, Arctic routes, shipping, infrastructure, Canadian
Governance of
Arctic, Russia, NSR, Norway, infrastructure, sea ice services,
maritime activities
ice charts, climate change, fisheries, expedition cruise,
Svalbard Treaty, Arctic, maritime activities, management

2.2 Mapping vessel activity
In this project, two sources of ship data were combined: AIS data and a ship data table. The
AIS data was obtained from the Norwegian Coastal Administration, this data has been
available since 2012 and is the limiting factor for the study period. The raw AIS data registers
all Maritime Mobile Service Identity numbers (MMSI), which include ship stations, ship
earth stations, coast earth stations, and group calls. Each recorded MMSI in the AIS dataset
is associated to a date and time UTC as well as the position in longitude and latitude and is
referred to as messages in this thesis. The data is grouped by month and provided a spatial
distribution of ship position in the limits determined by the Svalbard Fisheries Protection
Zone (SFPZ) from 01.01.2012 to 15.09.2018. Throughout the entire thesis the waters around
Svalbard will refer back to the SFPZ. The area covered is from 72° N to 84° N and 3° W to
38° E, the accurate limits are shown in Figure 2-1. Both commercial and recreational vessels
are included in this dataset, which are categorized by class A and class B respectively.
However, as this dataset is publicly accessible (upon request) some information such as the
ship type is not included. The second source of information, the ship data table, contains a
list of most vessels operating in Norwegian waters, excluding vessels under 15 m. This file
contained information on each vessel such as flag country, speed limits and ship type. This
data is private and confidential, it was obtained through contact from the Norwegian Coastal
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Administration and it was agreed that only the ship type information was used within the
context of this thesis.
The monthly AIS datasets were completed with the ship type information from the second
source by using the shared feature of the International Maritime Organization (IMO)
number, which is unique to each vessel. The outcome are monthly datasets which include
MMSI number, IMO number, name of vessel, date and time UTC, longitude, latitude and
ship type. All messages in the AIS datasets that lack an IMO number were therefore excluded
from the analysis as they could not be associated to a ship type. The information concerning
the IMO number and other categories were filled in by the crew and are not always reliable.
The majority of this excluded data contained messages that appear only once and therefore
do not provide information on vessel activity (Table 2-2). The datasets were analyzed using
Python, a high-level programming language, which allowed to retrieve information on the
number of vessels per category over the seven-year period of study. Vessel positions gave
information on mobility patterns which were visualized on maps. These maps were created
with Python 3.6, by using basemap (1.2.0), matplotlib (3.0.2), numpy (1.15.4) and pandas
(0.23.4) libraries. The projection used for these maps is a Polar Stereographic Projection
built with basemap (1.2.0). Bar plots allowed to determine the number of vessels per
category in waters around Svalbard in each month. These numbers were derived from the
monthly datasets counting all individual fishing vessels, passenger vessels and “other”
vessels. The “other” category regrouped up to fifteen different ship types such as container
ship, bulk carrier and research vessels.
Table 2-2: Number of unique MMSI sources in the AIS data per year in waters around
Svalbard. The sample size used for further analyses is highlighted in light blue and
indicates the number of MMSI messages identified with a ship type. The two last rows
indicate the number of MMSI messages provided by the AIS data that could not be used
due to the lack of an IMO number, with a large majority of these messages only appearing
once in the entire year.
2012
2013
2014
2015
2016
2017
2018
Total number of 671

563

610

937

903

2520

2194

unique MMSI
Sample Used

343

349

387

431

375

427

338

Lack IMO number

328

214

223

506

528

2093

1856

Single messages

137

74

97

274

307

1703

1497
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The AIS data is not a homogenous time series due to technology innovations. The evolution
in technology of satellites and transponders has led to an increase in the frequency of the
messages between 2012 and 2018. In order to compare mobility patterns throughout the
study period, vessel positions are shown with a minimum frequency of 10 minutes on the
maps. Additionally, AIS data is susceptible to problems related to the AIS transponder,
issues stemming from modifications by users, and errors in the transmission, reception,
storage and decoding of information (Kystverket, 2018). One example that applies strongly
in the Arctic is the poor satellite coverage in high latitudes may limit the position registered,
maybe leaving out the northernmost positions.

2.3 Sea ice
Passive microwave satellite sea ice concentration data from AMSR-2 were obtained from
the University of Bremen (Spreen et al., 2008). Most studies on large-scale sea ice variability
use passive microwave sensors as they provide continuous monitoring of the ice cover
independently of light and weather conditions (Spreen et al., 2008; Thomas & Dieckmann,
2010). The downside of these sensors is that the resolution is quite coarse compared to other
remote observation systems. The horizontal resolution of the AMSR-2 dataset used here is
6.25 km. Between 01.08.2012 and 31.09.2018, daily sea ice concentration was retrieved and
an area covering 67° N to 87° N and 35° W to 90° E (Figure 2-1) was extracted for each day.
The monthly mean ice concentrations were then derived and are shown on the maps made
with the same libraries in Python 3.6 as mentioned in Section 2.2 above. In this study the ice
edge is defined as ice having at least 15 % ice concentration.
In total 73 maps were made covering all months between August 2012 and August 2018. To
visualise the relationship between sea ice variability and mobility patterns around Svalbard,
the years of 2013 and 2017 were selected for detailed analysis, as 2013 is the first and 2017
the last complete year of both the AIS dataset and sea ice concentration dataset available for
this study. The month of July 2018 was chosen to visualise some results obtained from the
interviews (Section 2.4).
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Figure 2-1: The areas covered by the sea ice dataset (turquoise) and the AIS dataset
(purple), delimited by the SFPZ.
Within the analyzed region around Svalbard, 12 different zones were determined (Figure
2-2)The size and limits of these zones were based on sea ice variability and the location of
fishing and passenger vessels throughout the study period. To analyze the relationship
between these two variables, time series were made for each zone between August 2012 and
August 2018. These time series showed the number of vessels per month and the monthly
mean sea ice extent with the standard deviation. The monthly mean sea ice cover was
calculated from the grid system of the AMSR-2 dataset, where each grid had an average sea
ice concentration associated to coordinates representing the center of the grid. Each zone had
a specific number of points that was constant throughout the study period. In the zones, the
percentage of sea ice extent is the number of points on waters with ≥ 15 % sea ice
concentration. This was calculated daily to determine the monthly mean and the standard
deviation. The standard deviation gives additional information on the sea ice variability
throughout the month. The sea ice concentration datasets presented some uncertainty due to
proximity to land, where land reflection may be considered as sea ice. Therefore, the sea ice
cover holds some uncertainties in the zones which include land and the larger fjords are
removed from the time series analysis, represented by the shaded areas in Figure 2-2.
Excluding these fjords from the time series analysis does not affect the results as the thesis
does not look into the ice formation in fjords.
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Figure 2-2: The different zones in which the number of vessels and sea ice cover is
analyzed. The shaded areas, east of Zone 4, are excluded from this analysis.

2.4 Interviews
In parallel to the analysis described above, seven semi-structured interviews were conducted
in Longyearbyen (Figure 2-3) and in Tromsø (Norway) over the summer and autumn months
of 2018. In Longyearbyen, five interviews were conducted with captains and representatives
of cruise tourism associations. These associations provide guidelines to manage expedition
and oversea cruise ships around Svalbard. Additionally, two interviews were conducted in
Tromsø with a sea ice researcher and with a representative from the fishing industry. These
keys informants were chosen on a non-probability sampling (Silverman, 2004), as this study
focused on the relationship between sea ice variability and passenger and fishing vessels.
The informants were selected for their role in decision-making and guidance for the
expedition cruise and fishing industries operating around Svalbard. The interviewees were
initially contacted by email through email addresses found online or provided by my
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advisors. All the interviews were held face-to-face, and the interviewees were asked to
answer questions on the changes in sea ice variability, vessel traffic, and on the type of sea
ice information used in decision-making (Appendix C). Additionally, interviewees were
asked to elaborate on the challenges foreseen for operating in waters around Svalbard, some
specific places were discussed and are visualised on Figure 2-3. The interviews lasted
between 8 and 51 minutes and were recorded on a personal phone or computer to be
transcribed immediately afterwards, after which the recordings were deleted. These
transcriptions were analyzed by examining different themes: environmental changes, sea ice,
SAR, ice charts, and maritime activities. The objectives of the project were clearly explained
to all interviewees, via email and/or verbally. They confirmed that their participation was
voluntary, and their anonymity is guaranteed. All interviews were conducted with the
participants’ consent (Appendix B).
These semi-structured interviews were conducted early on in this thesis to allow for coverage
on important themes around the use of sea ice services around Svalbard, but also gave the
interviewees the freedom to add information they believed important as well (Silverman,
2004). The advantage of having a broad interview guide (Appendix C) allowed to cover a
wider range of changes and challenges related to sea ice services and sailing around
Svalbard. However, this might have led to some loss in detail by remaining too general on
some themes. Additionally, by being an outsider maybe some factors were not picked up on.
The majority of Norwegians are fluent in English and therefore this did not exclude possible
interviewees. All in all, these interviews gave an in-depth and contextualized understanding
of sectors related to maritime activities around Svalbard and the use of sea ice services and
provided insights on how these sectors are transforming to cope with changes and challenges
met when operating in a dynamic Arctic environment.
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Figure 2-3: Areas of interest in the archipelago of Svalbard that are mentioned throughout
the thesis.
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3 Arctic sea ice
3.1 Sea ice basics
Sea ice is one of the main obstacles for maritime activities to operate in the high north. The
presence of sea ice restricts shipping routes, directs cruise tourism and influences fishing
grounds (AMAP, 2017). This section introduces definitions of sea ice and some
oceanographic processes which are responsible to drive sea ice dynamics. These are key to
understand sea ice variability and whether maritime activities relate to this variability around
the archipelago of Svalbard. The transition from open waters to sea ice is rarely a straight
line as sea ice has various phases with different properties. First, I introduce the physical
properties of sea ice formation and dynamics. Second, the different types of sea ice are
presented with some examples of their impact on Arctic navigation. Third, I describe the
effects of climate change on the sea ice cover. From this an overview of sea ice variability
across the Arctic is given. Finally, some oceanographic processes influencing sea ice
variability around Svalbard are explained.
3.1.1 Thermodynamics and dynamics of sea ice
Sea ice is defined as ice that forms from sea water, and due to its lower density compared to
water it floats on the surface of the ocean (Thomas & Dieckmann, 2010). It is important to
note that sea ice differs from icebergs, which originate from fresh water sources, such as
glaciers from which they have calved (Pinet, 2016). Even though icebergs can also be a
navigational hazard, they are not included in this thesis.
Sea ice formation is driven by thermodynamic processes. As ice crystals form, most salt and
other ions present in sea water are drained out. Thus, the salinity is higher under the newly
formed sea ice cover and water with a high salinity freezes at lower temperatures (AMAP,
2017; Thomas & Dieckmann, 2010). This cold layer of water prevents the sea ice from
melting in contact with warmer ocean water and allows for the ice sheet to grow from below
and become thicker (Pinet, 2016). As sea ice grows, salt and other ions get trapped within
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the ice (Thomas & Dieckmann, 2010). These ions that are not extracted from the ice during
crystallization, concentrate together in brine droplets and channels which make sea ice
porous and opaque (Thomas & Dieckmann, 2010).
The sea ice dynamics are driven by winds and ocean currents that influence the formation,
thickness and location of the sea ice (Barber et al., 2018; Meier et al., 2014). Physical forcing
by these external factors can be divergent or convergent, therefore spreading or compacting
sea ice and directly influencing the sea ice thickness. As the ice cover floats on the Arctic
Ocean it becomes part of its oceanographic system and is constantly in movement. The
natural cycle of seasonal variation of sea ice concentration throughout the Arctic is partly
due to the alteration of solar radiation throughout the year. The Arctic circle is located at
66°34’ N and at this latitude the sun will remain completely above or below the horizon for
at least a period of 24 hours (Pinet, 2016). Therefore, in the high north the winter months are
dominated by polar nights and cold temperatures, allowing sea ice to form and expand. In
addition to atmospheric conditions, sea ice formation is influenced by ocean currents
transporting waters which are increasing in temperatures with climate change. Therefore,
sea ice is also declining during the winter months, this is the case around Svalbard and will
be introduced further in detail in Section 3.3. During the summertime, the melt of sea ice is
emphasized by the continuous solar radiation rising air and water temperatures (Pinet, 2016;
Thomas & Dieckmann, 2010). This seasonal variation in sea ice extent directly influence
periods when maritime activities operate in the Arctic, with the most active months being
between June and September (Dawson et al., 2014; Eguíluz et al., 2016).
3.1.2 First-year ice, multiyear ice and the ice edge
This ice cover is composed of different types of sea ice which vary in concentration
throughout the year. The main categories of sea ice are new ice, first-year ice, multiyear ice
and fast ice (Thomas et al., 2010). New ice is the first stage of sea ice formation and consists
of frazil and slush (NSIDC, 2018). This type of ice is often found in the marginal ice zone
(MIZ) which represents the transition from open ocean to sea ice (NSIDC, 2018). First-year
ice grows from new ice and persist over one winter season, this layer is generally between
0.3 and 2 meters thick. Multiyear ice persists through at least one summer melt season,
ranging from 2 to 4 meters thick (NSIDC, 2018). Lastly, fast ice is fixed along the coastline.
For maritime activities first-year ice and multiyear ice are the main impediment to their
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development in the Arctic and therefore are of interest in this thesis. The ice edge is
constantly moving, and its location is determined by the equilibrium where melt and
formation of sea ice are in balance. The ice edge is determined by a general threshold of
15 % ice concentration, which is used by most researchers (Meier et al., 2014; Thomas &
Dieckmann, 2010). The MIZ is of interest regarding maritime activities in the Arctic as this
zone, between the ice edge and pack ice, is becoming wider (Strong & Rigor, 2013) and
most vessels can sail beyond very open drift ice. However, sailing in this zone does increase
risks for navigation and vessels generally avoid to sail beyond the ice edge (Buixadé Farré
et al., 2014).
Characteristics of sea ice vary in different regions within the Arctic. In the Canadian
archipelago, sea ice thickness is influenced by strong convergent pressure caused by currents
and winds against land. The Beaufort gyre, together with the Transpolar Drift, is responsible
for sea ice movement in this region, resulting in thicker ice measured along the Canadian
archipelago (Thomas & Dieckmann, 2010). The Russian Arctic is characterized by an input
of fresh water from river runoff from Siberia. Additionally, the Transpolar Drift also effects
the sea ice movement in the Russian Arctic, as it transports the ice away from the coast,
resulting in thinner ice along in this region compared to the Canadian Arctic (Thomas &
Dieckmann, 2010).
Ice drifts under the influence of winds, ocean currents and the Coriolis effect (Meier et al.,
2014; Thomas & Dieckmann, 2010). The combination of stronger winds and currents with
thinner, more mobile first-year ice results in an increase of the drift ice average-speed in the
Arctic (Girard-Ardhuin & Ezraty, 2012; Kwok et al., 2009; Spreen et al., 2008). A good
example of changing patterns in sea ice drift is given through a study in Newfoundland
(Barber et al., 2018). Off the east coast of Canada, multiyear ice is advected southwards from
Baffin Bay and reaches the northeast coast of Newfoundland. The multiyear ice is present in
this area from mid-January to early-May. In 2017, an unusual thick layer of ice persisted
until late June along the coast of Newfoundland, when the ferry connecting the island to the
mainland starts operating again in the region. This ice cover presented a threat for maritime
operations and icebreaker assistance was needed. Only ice-class vessels can sail through
first-year ice and thicker multiyear ice.
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3.1.3 Why is sea ice declining?
The Arctic Ocean is almost land locked. The Fram Strait is the most important deep water
connection and sea ice export route to the Atlantic Ocean, this strait is located between
Greenland and Svalbard (Figure 1-1). On the eastern side of the Fram Strait the changes in
atmospheric and oceanic temperatures are observed through large volumes of warm Atlantic
water that enter the Arctic Ocean (Aksenov et al., 2017; Isaksen et al., 2016). Recent research
shows that the increase in temperature of Atlantic water explains the retreat of sea ice in the
region north of Svalbard (Onarheim et al., 2014; Overland & Wang, 2010). Moreover, the
heat brought by Atlantic Water is released to the atmosphere, increasing Arctic atmospheric
temperatures (Onarheim et al., 2014). This change in atmospheric temperatures increases the
intensity and frequency of storms in the Arctic mostly over the winter (Isaksen et al., 2016;
Itkin et al., 2017). These months are crucial for sea ice formation and the increase in storm
events causes high sea ice deformation rates, sometimes to an irreversible state (Itkin et al.,
2017). The import of warmer Atlantic water and increased storm activities during the winter
months are two factors amongst others why multiyear sea ice is becoming increasingly rare
in the Arctic and soon it will be dominated by first- and second-year ice (Kwok et al., 2009;
Maslanik et al., 2007; Renner et al., 2013), which is thinner and less resistant to storms and
solar irradiation.
Across the Arctic, the decline of sea ice over the winter is the most pronounced in the Barents
Sea (Årthun et al., 2012; Onarheim & Årthun, 2017), where the ice edge has retreated
240 km over the past three decades (Årthun et al., 2012). This has also influenced the
location of the Polar Front, where Atlantic water meets Arctic water in the Barents Sea (Lind
et al., 2016). One of the main reasons for strong ice loss in this sea is due to oceanic heat
anomalies. The flow of Atlantic water entering the Barents Sea north of Norway is both
strengthening and warming (Onarheim & Årthun, 2017). The increase of warmer water is
changing the stratification of the water column under the sea ice (Lind et al., 2018). The
Arctic water, which is less saline than Atlantic Water, is located under the sea ice, and as it
is colder, it prevents the ice from melting. However, the increased advection of Atlantic
water is bringing the sea ice in contact with warmer and more saline water causing it to melt.
With long time series observations and future modelling, the “Atlantification” of the Barents
Sea is predicted to continue and to an extent where the ice cover will completely disappear
(Lind et al., 2018). Similar warming events are observed in the north west of Svalbard, where
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the Atlantic water, called the West Spitsbergen Current (WSC) in this region, is preventing
sea ice to form and even causing it to melt over the winter months (Renner et al., 2018).
The surface albedo varies between different materials and is determined by the ratio of
irradiance reflected to the irradiance received (Pinet, 2016). The albedo of water is lower
than that of ice, therefore water absorbs more irradiance (Stroeve et al., 2014). The decline
of sea ice exposes more ocean surface which allows a higher absorption of radiation,
resulting in a positive feedback of warming water that melts ice (Isaksen et al., 2016; Meier
et al., 2014). With more exposed sea surface, the heat exchange between the atmosphere and
oceans is enhanced, potentially increasing storms and influencing ocean currents (Itkin et
al., 2017; Overland & Wang, 2010). The warming Arctic is causing the pack ice to become
more mobile, increasing unpredictability concerning drift ice and its speed (Barber et al.,
2018). In the Fram Strait, the amount of drift ice has increased since the early 21st century.
Even though there is strong interannual variability, some years have reached over 1million
km2 of drift ice. However, this increase in drift ice in the Fram Strait is generally of higher
concern for navigation along the Greenland coast and less near Svalbard. It is outside the
scope of this thesis to analyze the variability of drift ice.

3.2 Arctic ice cover
The main driver for the environmental transformation in the Arctic is climate change. The
sea ice extent in the Arctic Ocean varies from 14 to 16 million km2 in the winter to around
7 million km2 in the summer (NSIDC, 2018). In 2007, the minimum sea ice extent reached
4.27 million km2 and was the lowest ever recorded at the time, thus drawing international
attention to this region. Since the start of satellite sea ice observation in 1979, the 12 lowest
minimum extent are observed in the 21st century (Table 3-2). Where the late summer sea ice
coverage has been between 3.5 and 5 million km2. The sea ice extent in the Arctic, is
declining by 11.5 % per decade compared to the 1979-2010 average (Cavalieri & Parkinson,
2012), and records of low minimum extent were documented in 2012 and 2016 (AMAP,
2017).
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Table 3-1: The twelve Arctic-wide minimum sea ice extent between 1979 and 2018. In light
blue are the years studied in this project. 2012 and 2018 are partly studied. Source:
NSIDC, 2018.
Rank
Year
Minimum Ice
Date
Extent – in millions
of square kilometers
1
2012
3.39
Sept. 17
2

2007

4.16

Sept. 18

3

2016

4.17

Sept. 10

4

2011

4.34

Sept. 11

5

2015

4.43

Sept. 9

6

2008

4.59

Sept. 19

7

2018

4.59

Sept. 19 & 23

8

2010

4.62

Sept. 21

9

2017

4.67

Sept. 13

10

2014

5.03

Sept. 17

11

2013

5.05

Sept. 13

12

2009

5.12

Sept. 13

In the Arctic the minimum extent is reached in September. The average of sea ice extent
between 1979-2010 is 6.22 million km2, with a minimum record of 3.39 million km2
observed in 2012 (Table 3-1). The strong interannual variability of sea ice concentration is
a major challenge for Arctic states as it limits the possibilities to plan industrial development
in these newly opened waters. When studying sea ice extent in the entire Arctic there are
two key periods that give a general indication the minimum extent occurs in September,
which informs on the melting rate of the sea ice. Additionally, the maximum extent occurs
in March, which informs us on the seasonal growth rate. The maximum sea ice extent gives
additional information on sea ice variability, where a low extent does not persist throughout
the year. For example, 2012 has the minimum sea extent but is not include in the ten lowest
maximum extent (Table 3-2).
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Table 3-2: The ten Arctic-wide lowest maximum sea ice extent between 1979 and 2019. In
light blue are the years studied in this project, with 2018 only studied until August. Source:
NSIDC, 2019
Rank

Year

1

2017

Maximum Ice
Date
Extent – in millions
of square kilometers
14.41
March 7

2

2018

14.48

March 17

3

2016

14.51

March 23

4

2015

14.52

February 25

5

2011

14.67

March 9

6

2006

14.68

March 12

7

2007

14.77

March 12

8

2019

14.78

March 13

9

2005

14.95

March 12

10

2014

14.96

March 21

3.3 Svalbard sea ice
The sea ice extent around Svalbard varies greatly between the western and eastern side of
the archipelago. This is due to its geographical location and is subject to two contrasting
oceanographic features. The WSC, a current transporting warm Atlantic water south to north
(Figure 3-1), determines sea ice formation over autumn and winter in this region, leaving the
west coast of Svalbard free of sea ice all year round. The east coast of Svalbard is cooled by
Arctic water and winds, the latter influences atmospheric temperatures and transport sea ice
against the coast, blocking access to maritime traffic most of the year.
With climate change, the sea ice characteristics around Svalbard are changing. Even though
the atmospheric conditions are ideal for sea ice formation in the winter months, the water
temperatures around Svalbard are dependent on the input of warm Atlantic Water. The WSC
is becoming warmer with climate change and therefore preventing sea ice to form and
thinning the present ice cover, resulting in a decline of sea ice concentration over the dark
period (Onarheim et al., 2014; Renner et al., 2013). The WSC has also changed the sea ice
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cover in fjords. Before 2006, there was a significant seasonal ice cover in the fjords along
the west coast of Spitsbergen, including Isfjorden (Muckenhuber et al., 2016; Figure 2-3).
After 2006 the sea ice cover has drastically decreased along the west coast of the archipelago.
Further studies done in this archipelago show that the ice cover is changing from multiyear
ice to first-year ice dominant (Renner et al., 2013; Rösel et al., 2018). Thus, both the
thickness and extent of the ice cover are declining around the archipelago of Svalbard (Kwok
et al., 2009; Rösel et al., 2018). It is Svalbard’s unique location and climate that makes it
attractive for maritime activities to take place at such high latitudes. The combination of the
ice edge retreating and the ice thinning results in this region becoming more accessible to
maritime activities both earlier in the season and to more vessels.

Figure 3-1: Warm currents responsible for increasing water temperatures in the Barents
Sea and around Svalbard. Source: Markusson 2018.
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4 Governance of maritime activities in the
Arctic
The accelerated environmental changes (Chapter 3) impact socio-economic dynamics in the
Arctic. Sea ice variability is considered as an enabler for the development of maritime
activities in the Arctic (Dawson et al., 2014; Eguíluz et al., 2016; Pizzolato et al., 2016). In
polar waters, maritime traffic is dependent on international regulations, economic drivers,
and accessibility of Arctic routes. In this section, an overview of the state of Arctic
navigation and governance will be presented with key concepts and definitions to establish
an understanding of the notions discussed in this thesis. I will explore the challenges and
opportunities deriving from sea ice variability for maritime activities, in particular cruise
tourism and fisheries, within the context of the governance framework in which these
activities take place. These institutional frameworks are dynamic and are maturing to follow
the development of maritime activities in the region (Buixadé Farré et al., 2014).

4.1 Arctic maritime traffic
There is a growing interest to develop maritime activities in the Arctic, resulting in pressure
on governance both to protect local culture and biodiversity as well as to expand and develop
new industries in a safe and sustainable way (Bekkers et al., 2017). Environmental concerns
arise when shipping and other maritime activities are projected to develop in the Arctic, with
recalls of the oil spill of Exxon Valdez coming to mind. With the Arctic becoming a center
of interest on the international level, understanding the development of maritime activities
in the region is essential to predict potential implications for the environment, societal and
economic sectors.
For the shipping industry, the decline of sea ice in the Arctic Ocean is seen as an opportunity
as it opens new trade routes for an extended period of time (Arctic Council, 2009; Melia et
al., 2016). The Arctic routes are the shortest connection between the Pacific and Atlantic
Oceans (Arctic Council, 2009; Melia et al., 2016). With over 90 % of traded goods
transported on water, saving time is of great economic relevance (Lee et al., 2014). The
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Northwest Passage in the Canadian Arctic and the Northeast Passage along Russia are slowly
opening to maritime traffic for both commercial and recreational vessels (Borch et al., 2016).
The busiest route yet is the Northern Sea Route, located within the Northeast Passage, which
runs between Dudinka and Murmansk (AMSA, 2009). In 2018, just under 10 million tons
of goods, mostly oil and liquified gas, were transported along this route (Staalesen, 2018),
which is an increase compared to 2013 when 1.4 million tons were transported (Northen Sea
Route Information Office, 2018). Growing activities related to natural resource extractions
along the Northern Sea Route will help in the development of commercial shipping along
Arctic routes, but on a small scale (Chircop, 2014). Indeed, the majority of the ships
operating along the Northern Sea Route sail under the Russian flag (Buixadé Farré et al.,
2014), and international companies are still wary of operating along the Arctic routes
(Lasserre, 2014). These Arctic shipping routes offer strong time-saving potential in the
global transportation of goods, but the lack of infrastructure in this region remains a major
challenge (Arctic Council, 2009; Buixadé Farré et al., 2014). To ensure safety along these
Arctic routes’ larger harbors, icebreaker support, SAR services, seafloor mapping and
improved sea ice charts and forecasting are needed. Between the costs of these services and
the scheduling restrictions for the shipping companies these Arctic routes might not be
operational in the (very) near future (Aksenov et al., 2017). The increase in maritime
activities also puts pressure on coast guards, SAR and hydrographic services (Emmerson &
Lahn, 2012).

4.1.1 “Different Arctics”
There seems to be a strong contrast in the development of shipping routes between the east
and the west of the Arctic Ocean. 2018 was a successful year for Russia, which registered
booming numbers compared to the previous year (Staalesen, 2018). As for the Canadian
Arctic, the thinning sea ice cover is increasing risks, where more extreme weather events
occur and increased unpredictability of sea ice drift (Stewart et al., 2013), making navigation
in these waters more dangerous (Friedman, 2019). These challenges have not stopped the
maritime development in the Canadian Arctic, where traffic has tripled between 1990 and
2015 (Dawson, 2019). Not only is there a difference in oceanographic features between the
regions (Chapter 3), there are also differences in the will of the state and of communities to
develop for maritime activities. Russia is largely investing in infrastructure to develop the

22

Northern Sea Route and Northeast Passage. Norway is investing in tourism, fisheries,
aquaculture and natural resource extraction, mostly offshore oil and gas. The small
communities along the Norwegian coast are inclined to expand tourism in the region. Canada
on the other hand is slowly developing in the Arctic yet, and the communities living in the
region are not disposed to invest in tourism.
4.1.2 Navigation and sea ice
In the Canadian Arctic, several studies have been done to identify the different variables that
influence the increase of vessels in this region and how the change in activity impacts local
communities (Andrews et al., 2018; Meier et al., 2014; Pizzolato et al., 2016). In some
regions sea ice variability is in fact the main driver for change in mobility patterns (Andrews
et al., 2018). These studies are important to understand how the Arctic is changing both on
an environmental and socio-economic level, as well as how management is applicable in this
field. The development of maritime activities is influenced to some extent by sea ice
variability, as demonstrated by Pizzolato et al. (2016). However, Dawson et al. (2014) and
Eguiluz et al. (2016) argue that tourism trends, commodity prices and natural resources
development have a stronger influence on the development of maritime activities in the
Arctic.
Navigation in expedition cruise tourism and fisheries relies on sea ice information in the
Arctic. Climate services translate raw data into accessible interpretations to provide the
necessary knowledge for societal decision making (Vaughan et al., 2016). There has been
considerable investment on national levels towards providing better information systems.
The main focus of these investments is to improve the development of seafloor mapping and
daily sea ice charts (Emmerson & Lahn, 2012). These are essential for vessels sailing in the
Arctic as increased accessibility provide opportunities as well as new risks (Haavisto et al.,
2016) and an incident could result in drastic consequences both for the environment and
people aboard the vessels. Additionally, limited information on sea ice conditions, more
extreme weather events and lack of seafloor maps generate other challenges with regards to
safety. These uncertainties make the Arctic unattractive for big shipping companies.
However, with the development of other sectors in the Arctic, such as expedition cruise
tourism (Section 4.3.4; Lamers et al., 2018), there is a demand-pull process in the
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improvement of climate services (Haavisto et al., 2016). For the expedition cruise sector, the
ice charts from the Norwegian Meteorological Institute (MET Norway) are one of the most
used in the European Arctic along with the Danish ice charts (Lamers et al., 2018). The
capacity of producing information including climate services is limited in the Arctic
compared to the rest of the world (Haavisto et al., 2016), even more so that the conditions in
this region is rapidly changing. This raises questions whether the sea ice services available
meet the end-users needs when sailing in the Arctic. It is essential to communicate end-users
needs to develop useful and trusted products, to use these tools to mitigate risk when
operating in the Arctic (Lamers et al., 2016).
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4.2 Arctic governance
The decline of sea ice extent is lengthening the navigational period for non-ice class vessels
in the Arctic, thus increasing pressure on the local biodiversity and communities. The Arctic
flora and fauna face increasing disturbance, competition with alien species and pollution
(MOSJ, 2017; Ware et al., 2014). In addition, indigenous and coastal communities in the
Arctic are facing socio-economic transformations. Their cultural heritage and economy are
affected both by the changes of the natural environment and increased human activities, such
as natural resource extraction and maritime activities (Nicol, 2010; Razak, 2003).

Figure 4-1: Future scenario matrix between governance and natural resources and trade
in the Arctic. Source: Arctic Council, 2009
The diagram of the Arctic Marine Shipping Assessment (AMSA) suggests four possible
scenarios for industrial development in the Arctic (Figure 4-1). These scenarios depend on
the demand for Arctic resources and governance applied in the region. “Arctic Saga” is a
scenario that favours industrial development while considering Arctic ecosystems and
cultures (Pashkevich 2015) and helps move towards sustainability.
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In this thesis, the concept of governance is frequently used, and requires some elaboration.
While government is the highest level of a country or of an organization that is responsible
for the establishment, monitoring and implementation of policies, the concept of governance
allows for an analysis of a larger diversity of actors, interacting at different levels, for
example to move towards sustainable management. “In the environmental context,
governance refers to the processes, decision-making, and mechanisms by which actors and
institutions influence environmental outcomes” (Lemos & Agrawal, 2006). Traditional
governance is shifting in our society and new arrangements of governance are emerging
(Kersbergen & Waarden, 2004). Transnational problems are handled beyond the level of
governments by creating international organizations, treaties and regimes. This is typically
observed in the Arctic, where emerging opportunities and challenges affect more than one
nation. In the following sections, some key aspects of Arctic maritime governance will be
presented.
4.2.1 Arctic Council
The Arctic Ocean borders five countries: Canada, Denmark, Norway, Russia, and the United
States. In addition to these countries; Iceland, Finland and Sweden are included in the Arctic
region as delimited in the Arctic Monitoring and Assessment Programme (AMAP), a
working group in the Arctic Council (Figure 4-2). The AMAP boundary is built on a
combination of natural (isotherm, tree line) and human development limits of the Arctic. In
1996 the Arctic Council was founded between these eight states and six organizations, also
representing indigenous communities in the Arctic. In addition to these states and
organizations, there are many Observers: 13 non-Arctic states, 14 intergovernmental and
inter-parliamentary organisations and 12 non-governmental organisations (Arctic Council,
2018). This intergovernmental forum focuses on three subjects: protection of the
environment, sustainable development and the interest of native people (Arctic Council,
2018). Therefore, the Arctic Council is responsible for making recommendations to Arctic
states on the management of maritime activities and facilitating cooperation between states
in the region. It is important to point out that the Arctic Council has no legal power to impose
regulations on the Arctic states. The Protection of the Arctic Marine Environment (PAME)
is one of the six working groups of the Arctic Council and releases recommendations to
states concerned. During annual meetings, Arctic states and indigenous communities have
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the opportunity to discuss various challenges and opportunities while presenting different
studies to understand and attempt to predict the future of this region (de la Fayette, 2008).

Figure 4-2: The main boundaries that define the Arctic region. Source: GRID – Arendal,
ADHR, EPPR Working Group, NSIDC, Boulder, CO, AMAP, CAFF, Arctic Portal.
4.2.2 Institutions involved in governance of maritime activities
The management of maritime activities in the Arctic is complex and embedded in different
levels of governance. The most relevant elements of multinational maritime governance are
the following: UN Convention on Law of the Sea (UNCLOS), International Convention for
the Prevention of Pollution from Ships (MARPOL), International Convention for the Safety
of Life at Sea (SOLAS) and International Convention on Standards of Training, Certification
and Watchkeeping for Seafarers (STCW) (Pashkevich et al., 2015). In the Arctic, the
International Maritime Organization (IMO) reacted to the increase of vessels by adopting
the Polar Code in 2014 (which also applies in the Antarctic) providing guidelines and
regulations on sailing in polar regions. The Polar Code entered into force on the 1st of January
2017. The Polar Code is in compliance with MARPOL and SOLAS, making it unique in the
law of the sea as it protects the natural environment and ensures ship safety together (IMO,
2019). For the protection of the polar environments, additional requirements append to the
existing MARPOL, such as a ban on any oil discharges, adequate measures to limit the
introduction of invasive species through ballast waters, sewage treatment and prohibiting the
discharges of harmful waste and chemicals (IMO, 2019). The ship safety guidelines include
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the equipment on board, the design and construction of the vessel as well as operating and
manning through polar waters. To ensure human safety and environmental sustainability it
is essential to have access to information systems, with emphasis on sea ice conditions.
These different regulations presented in this section apply to industrial development across
the Arctic. The following sections will focus on the regulations that apply around Svalbard
and specifically to management of the cruise tourism and fishing industries.

4.3 Svalbard’s regulations
4.3.1 Svalbard Treaty
This archipelago was officially discovered by Willem Barents in 1596. Historically, these
islands had a reputation for different natural resources such as whaling, fishing and mining:
these were free to use for all. However, in the early 20th century conflict was arising mostly
around mining and on ownership in general and called for new rules. In 1920, the treaty of
Versailles was signed, and the Svalbard Act followed in 1925. This is one of the only treaties
signed after WWI that still applies today. In this project, the treaty of Versailles and the
Svalbard Act will be referred to as the Svalbard Treaty as used by the Governor of Svalbard.
The treaty became effective in 1925 and recognised Svalbard as part of the Kingdom of
Norway which has sovereignty on these islands. Today 43 countries1 are party to the treaty
(The Governor of Svalbard, 2016). This treaty holds four basic principles that Norway must
apply:
•

The principle of non-discrimination, all people and companies from countries party
of the treaty have equal rights under Norwegian legislation.

•

All taxes on Svalbard may only benefit Svalbard and not Norway.

•

Norway must ensure that Svalbard remains free from martial purposes, Norwegian
military presence is limited to coast guard surveillance.

•

The treaty imposes obligation on Norway to protect Svalbard’s natural environment
(The Governor of Svalbard, 2016).

1

Afghanistan, Albania, Argentina, Australia, Belgium, Bulgaria, Canada, Chile, Denmark, the Dominican
Republic, Egypt, Estonia, Finland, France, Greece, India, Iceland, Italy, Japan, China, Latvia,
Lithuania, Monaco, the Netherlands, New Zealand, North Korea, Norway, Poland, Portugal, Romania, Russia,
Saudi Arabia, Spain, the UK, Switzerland, Sweden, South Africa, South Korea, Czech Republic, Germany,
Hungary, the USA, Venezuela, Austria (The Governor of Svalbard, 2016).
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Over the past century the Law of the Sea has adapted to growing human activity in the ocean,
challenging the Svalbard Treaty. The limits in which the treaty applies does not follow the
maritime zones introduced by UNCLOS, such as the territorial waters and the Exclusive
Economic Zone (EEZ) which reach out to 12 nm and 200 nm respectively from the baseline
along coastal states (Tanaka, 2015). In 2003, the territorial waters around Svalbard were
extended from 4 nm to 12 nm in which the Svalbard Treaty applies (Anderson, 2009). The
EEZ was introduced by UNCLOS in 1982, and still today neither Svalbard nor Norway have
sovereignty over these waters. However, in 1978, the Svalbard Fisheries Protection Zone
(SFPZ) was introduced close to a 200 nm limit around the archipelago, in the area. The SFPZ
is necessary for stock management of fisheries and applies the non-discriminatory principle
of the Svalbard Treaty. This was generally accepted by countries party to the treaty. New
challenges have arisen with new resources discovered in the Barents Sea, such as the snow
crab, which is considered to belong to the continental shelf. The guidelines of the Svalbard
Treaty are insufficient for all parties to reach an agreement upon resources related to the
continental shelf (Tiller & Nyman, 2017). Norway claims it to be theirs, but this is not
accepted by the other countries that are party to the Svalbard Treaty (Thorenfeldt et al.,
2018). There seems to be an overall agreement between party states that Svalbard does not
have a continental shelf, but it remains unclear who is entitled to manage and exploit the
natural resources found there. This project will not go into further detail on the jurisdictional
issues related to continental shelf resources.
4.3.2 Protected areas
In the archipelago of Svalbard, 65 % of the islands’ land and 87 % of the territorial waters
are protected areas (Lier et al., 2010). As a result, most of Svalbard is closed to any industrial
development, and since 2015 there is a ban on heavy fuel oils in the majority of Nature
Reserves and National Parks around the archipelago (Figure 4-3). Therefore, to sail in the
majority of territorial waters of Svalbard vessels have to run on light fuel such as diesel. This
type of fuel dissipates and disintegrates faster in the environment through physical and
biological breakdown. However, there remain uncertainties on how light fuel oils react with
sea ice (Brandvik & Faksness, 2009). The heavy fuel oil ban reduces the introduction of
harmful pollutants in protected areas, with the exceptions of the reserves and parks located
along Isfjorden, the biggest fjord on Spitsbergen island. In this fjord the main settlements
are Longyearbyen - the administrative center of the archipelago -, and Barentsburg, the
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biggest Russian settlement (Figure 2-3). Another regulation on maritime activities around
Svalbard, is to limit the number of passengers to 200 for vessels operating in the Northeast
and Southeast Nature Reserves (MOSJ, 2017; Pedersen et al., 2015). These regulations
ensure environmental protection but also reduce pressure on SAR in case of an incident in
these remote areas.
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Nature Reserve

! Ny-Ålesund
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! Sveagruva
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fuels other than DMA-grade fuels
pursuant to the ISO 8217 Fuel Standard.
Protected area where vessels are not allowed to bring
more than 200 passengers each
Exceptions:
Vessels using the shortest possible safe route through:

!
The northwestern part of South Spitsbergen National Park
sailing to and from Sveagruva

!

±
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Northwest Spitsbergen National Park sailing to and from
Magdalenefjorden until 01.01 2015

! The northern part of Forlandet National Park and the

southern part of Northwest Spitsbergen National Park
for sailing to and from Ny-Ålesund until 01.01 2015.

60

km

Map production: The Governor of Svalbard, 2009
Base map: Norwegian Polar Institute

Figure 4-3: Regulation of vessel destination with areas banned to vessels carrying heavy
fuel oil and limiting number of passengers in the east of Svalbard.
Source: www.sysselmannen.no
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4.3.3 Maritime activities around Svalbard
As described in Section 4.1 maritime activities are slowly increasing in the entire Arctic, and
85 % of its activity in 2015 took place in the European Arctic seas (Larsen, 2017). The
dominant fleet in this area are fishing vessels, where fisheries seem to be moving northwards
(Section 4.3.5). Another growing sector in the Arctic are passenger vessels (Lasserre, 2018;
Melia et al., 2016). This next section introduces the development of cruise tourism and
fisheries activity in the archipelago of Svalbard. These sectors tend to operate closely to the
ice edge and their mobility patterns are to some degree dependent of sea ice variability.
4.3.4 Cruise tourism
In the cruise tourism industry across the Arctic there are two main ways to control mobility
patterns: (1) regulate the numbers of passengers, or (2) demand certain standards from the
ships. Cruise tourism in Norway has much lower requirements when it comes to
environmental regulations compared to USA and Canada which have more stringent
requirements (Kjerpeseth, 2018). Thus, this could imply that the Norwegian cruise industry
is less regulated. However, things are changing, and the 10 largest cruise ports in Norway
are in the process of developing a new environmental index. It remains unsure whether this
index will be used by the different communities (Kjerpeseth, 2018). For a vessel to cross the
Canadian Arctic is must meet a certain number of requirements and pay considerable fees
compared to Norwegian regulations. However, even though Norway has few regulations
specific to the cruise industry, the Norwegian government imposes high taxes on oil,
indirectly pushing industries to develop new technologies that could be more
environmentally friendly. Svalbard has more regulations and restrictions when it comes to
sailing in the archipelago’s waters to protect the natural environment (Section 4.3.2).
In the late 1980s, the Norwegian government decided that Svalbard’s economy would be
built on coal mining, research and tourism (Van Bets et al., 2017). The unique cultural
heritage and natural environment of the archipelago makes these islands an important
destination for cruise ships since the 1990s (Lier et al., 2010). Today, the majority of the
mines are closed leaving the archipelago’s economy to run on tourism and research (Misund,
2017). More than half of the archipelago is subject to environmental conservation and
increasing maritime activities over the past decades have put pressure on local governance
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to implement more regulations. Therefore, vessels must comply with specific rules to operate
in waters around Svalbard. Additionally, passenger vessels also have an impact on land as
most cruise vessels offer onshore landings and they must comply with strict protocols
specific to each site.
In Norway the number of cruise tourists has increased from 200’000 in 2000 to an estimate
of 800’000 in 2018. This type of tourism is becoming a year-round activity, with new offers
such as northern light tours over the winter months (Borch et al., 2016; Kjerpeseth, 2018).
Even though the number of port calls has remained quite stable since 2012, the vessels’
passenger capacities are growing. Bergen and Svalbard are facing the strongest growth in
cruise tourism in Norway. It is estimated that the number of cruise tourists will reach
approximately 1.2 million in 2040 and near 1.6 million by 2060 (Kjerpeseth, 2018). There
are two main types of passenger vessels; the oversea cruise ships and the expedition cruise
vessels. The passengers from the oversea cruise ships will typically stay a day or two in one
place before heading for the next destination in Greenland, Iceland, Norway or Russia.
Expedition cruise tourists fly to an area of interest, then embark and sail in these waters for
an average period between four and ten days (Kjerpeseth, 2018). Luxurious expedition cruise
vessels are being developed to sail up to the north pole. The tourism demand influences the
development of this industry, maybe more than sea ice variability (Section 4.1.2). The
number of cruise ships are expected to grow, 28 are on their way and are expected to be
sailing in the Arctic in the next couple of years (Nilsen, 2018).
The archipelago of Svalbard is among the most popular destinations in Norway, and the
number of passenger visiting has increased yearly by 10 % since 2014 (MOSJ, 2017). The
number of calls of oversea cruise ships are estimated to remain stable in Longyearbyen with
an average of 28 ships per year, but these vessels are expected to grow in passenger capacity
(Staalesen, 2017). In 2017, the largest oversea cruise ship was the MSC “Preziosa” with a
capacity of 3’959 passengers and 1’388 crew, followed in 2018 by the MSC “Meraviglia”,
with a capacity of 4500 passengers and 1’536 crew, making it the biggest passenger vessel
to operate in the European Arctic. In Svalbard, the number of oversea cruise tourists
increased from 25’000 in 2011 to 41’000 in 2016 (Eeg-Henriksen & Sjømæling, 2016).
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Expedition cruise vessels are smaller ranging from small sailboats with 10-12 passengers to
the bigger ships that hold a maximum of 200-300 passengers. These tourists fly in to
Longyearbyen and sail around the archipelago. Their numbers have increased from 5000 in
2001 to 12’000 in 2014 and are expected to grow (Eeg-Henriksen & Sjømæling, 2016). For
regulation and governance, the Association of Arctic Expedition Cruise Operators (AECO)
is of importance for passenger vessel transportation in the Arctic (Pashkevich et al., 2015).
Most of the operators around Svalbard are members of AECO, an organization that focuses
on sustainable expedition cruise tours. They provide mandatory guidelines and tools to
safeguard the environment, ensure safety and preserve local community interests (AECO,
2019).
The future development of cruise tourism around Svalbard, and in the Arctic, will depend
on two key factors: (1) international and national policy development and (2) future ice
conditions (Van Bets et al., 2017). Cruise tourism has a variety of impacts on the
environment and local communities, raising concerns about sustainable governance of this
industry (Van Bets et al., 2017). Some of these concerns are addressed through “collective
self-governance”. Collective self-governance is defined as “actors who are major users of
the resource, are involved over time in making and adapting rules within collective-choice
arenas regarding the inclusion or exclusion of participants, appropriation strategies,
obligations of participants, monitoring and sanctioning, and conflict resolution” (Ostrom et
al., 1999). Initially, there was direct collaboration between AECO and the Governor of
Svalbard, until a conflict of interest arose where the Governor of Svalbard wanted to protect
the environment while cruise operators wanted to exploit it (Van Bets et al., 2017). Since the
decreased dialogue with the Governor of Svalbard, AECO has taken a more independent
position representing the expedition cruise industry in the region, as almost all operators that
sail around Svalbard are members (Van Bets et al., 2017). One of the key guidelines is related
to site specific management (Hagen et al., 2012). However, these sites and other regulations
are determined by the Governor of Svalbard from which AECO provides further guidelines
for the expedition cruise industry.
Expedition cruise companies offer different tours from sailing to the ice edge, exploring new
waters and organizing shore landings. These landings site provide an effective example of
self-governance. AECO manages 23 landing sites in the archipelago of Svalbard (Figure
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4-4). AECO gathers the routes and dates from the operators that are members and tries to
limit to one vessel per landing site per day. This has a double benefit: first it limits
environmental disturbance, and second it provides a unique experience for tourists. To
improve management of this sector, cruise activities in the archipelago of Svalbard have
been reported by all operators since 2001 (MOSJ, 2017). Additionally, beach clean-ups are
becoming more popular amongst expedition cruise vessels, and are possible as a result of
collaboration between the operators and the Governor of Svalbard.

Figure 4-4: AECO's 23 landing sites around Svalbard. Source: aeco.no
4.3.5 Fisheries
In the Arctic, most maritime activities take place in European waters. The fishing fleet is
dominant in the Norwegian Arctic waters, representing 70 % of the entire traffic (Borch et
al., 2016). Svalbard is the northernmost region with regular fisheries in the world. Today the
SFPZ is 715’000 km2 where fishing grounds go up 81.5° N in the summer months (Misund
et al., 2016). The fisheries in these waters are managed by the Joint Russian-Norwegian
Fisheries Commission and this is a good example of transnational management of fisheries.
In this commission, Norway and Russia work together to manage fish stocks and harmonize
regulations with regards to seasonal openings of fisheries and the size of species. This joint
commission with the International Council for the Exploration of the Sea (ICES) gives yearly
advice and regulations on northeast Atlantic fisheries. Fishing regulations in the Barents Sea
are implemented with quota systems for the most valuable species: cod, haddock, capelin,
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Greenland halibut and recently the red fish. These quotas are defined by the Joint
Norwegian-Russian Fisheries Commission since 1975 (Stokke, 2010). Figure 4-5 gives an
indication of shrimp and cod distribution around Svalbard in the autumn. There is little
information on the species distribution off the west coast of Svalbard due to the bathymetry
(Figure 4-6) which are unfavourable habitats for most commercial species.

Figure 4-5: Biomass of shrimp (pandalus borealis) and cod (gadus morhua) between 50 and
500m around Svalbard. From autumn trawls between 2004 and 2017. Source: Ecosystem
survey IMR – PINRO, 2019.
Originally Svalbard’s SFPZ was dominated by Norwegian and Russian fisheries, but the EU
has also taken an interest in the region. Therefore, third-party fishing vessels are also present
in these waters (Misund et al., 2016). Today, the quotas are defined every year and divided
between Norwegian, Russian and third-party countries mostly belonging to the European
Union. The reason for such a vast fishing fleet in these waters is explained by the Svalbard
Treaty, following a non-discriminatory policy towards all countries party to the treaty. The
EU generally gets 10 % of quotas in the Barents Sea. For Norway, this collaboration opens
possibilities to fish in EU waters located in the North Sea.
In the Barents Sea, fisheries are changing both in terms of the season, species, and flags.
Boreal species are moving northwards and new species, such as the snow crab, are attracting
fisheries in higher latitudes (Fossheim et al., 2015; Kaiser et al., 2015; Misund et al., 2016).
However, the boreal marine species caught in northern waters often correlates with the
magnitude of the species stock, when it is larger the population expands in larger territories
in search for food. Therefore, most of these events are episodic as it was observed and
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explained with Atlantic mackerel (Berge et al., 2015; Misund et al., 2016). The declining sea
ice should not affect the distribution of demersal fisheries as these species will stay within
their natural depth range. However, the boreal species distribution may continue to move
northwards as the ice edge retreats (Fossheim et al., 2015). The decline of sea ice also opens
potential new fishing grounds. However, to reach these fishing grounds, vessels must count
two days of transit.
Fisheries will continue to be an important industry in the Arctic and ice charts are essential
for the fishing boats to avoid getting caught in the ice, which happens occasionally (Borch
et al., 2016). With newly accessible waters this could occur more frequently, but another
challenge arises with declining sea ice because the seafloor in these “new” waters is not
mapped. Vessels navigating in these waters encounter a higher risk to run aground. This was
recently experienced by the crew of “Northguider” when they were fishing in Hinlopen Strait
(Figure 2-3) in the northeast of the archipelago of Svalbard (Humpert, 2019b). Other
incidents have occurred over the past decade in Svalbard waters, and across the Arctic.
Ensuring adequate SAR operations demands a large collaboration between different
operators. The missions are very time and resource demanding and can be dangerous due to
challenging weather conditions (Dolva, 2019). The consequence of an oil spill in this region
would have been drastic on the local biodiversity, as Hinlopen Strait is an important breeding
ground for many bird species and seals (Dolva, 2019)
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Figure 4-6: Bathymetry of the Barents Sea. Source: Vihtakari, 2019
This chapter presented the governance framework that applies to vessels sailing in the Arctic
and in the waters around Svalbard. Additionally, the development of the cruise tourism as a
fast-growing industry in the Arctic was introduced, as well as regional management and
changes that the fishing industry is facing, such as northwards migration of commercial
species in the Barents Sea. The next chapter will show a series of maps that show the mobility
patterns of passenger and fishing vessels in the waters surrounding Svalbard. In addition to
the vessel positions the sea ice cover is also shown on the maps to observe to environmental
changes which were presented in Chapter 3.
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5 Results – Maps & Interviews
The two previous chapters presented the environmental changes, aspects of Arctic maritime
governance, and the development of the cruise tourism and fishing industry in the Arctic and
in Svalbard. The data presented in this chapter is needed to answer my research questions:
To what extent is sea ice decline and sea ice variability reflected in the activity of fisheries
and cruise vessels around Svalbard in the period between 2012 and 2018? What are some of
the central governance implications to promote safe and environmentally sustainable
development in the light of increased maritime activities around Svalbard? The following
sections show vessel activity around Svalbard in conjunction with the sea ice cover, and
detail the results from the interviews that were conducted in Longyearbyen and Tromsø.

5.1 Co-variability of ice edge position and vessel
trajectories
5.1.1 General observations
In the following pages, maps are presented that show the sea ice concentration and vessel
positions in waters around Svalbard (Sections 2.2 and 2.3). In total, 73 maps were made
representing all months between August 2012 and August 2018 (Figure 5-5 to 5-7; Appendix
D). The positions of the passenger and fishing vessels are represented in yellow and green
respectively. The monthly mean ice concentration is represented at different limits between
0 and 100 %. The ice concentrations between 0 and 15 % are considered as open water and
accessible for navigation. Sea ice extent can vary rapidly over a short period of time. On the
maps, the overlap between vessels and sea ice does not necessarily indicate that vessels
sailed in the ice, because the monthly average sea ice extent and monthly vessel positions
are shown on the maps. It is beyond the scope of this thesis to study weekly or daily
observations, as the focus here is to observe the relationship between sea ice variability and
maritime activities over several years. Figure 5-1 shows August 2018, the last month of the
study period. This map gives a general indication of vessel distribution over the summer
months, when passenger vessels sail all around the archipelago and up to the ice edge. As
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for the fishing vessels, their areas of interest are in the southeast of the archipelago and along
the west coast of Spitsbergen island. In August 2018, the ice edge is mostly located above
82° N and is the northernmost in the study period.

Figure 5-1: Map of Svalbard with average sea ice concentration, and fishing and
passenger vessel positions in August 2018.
Overall, the sea ice around Svalbard retreats during the summer months, leaving most of the
coast accessible to maritime activities. The months with the least ice coverage are August
and September in all years studied. The months with the largest ice cover are from February
to June, with maximum coverage occurring in April. During this month, the entire coast east
of 16° E is blocked by sea ice. The west coast of Svalbard is ice-free in all months, which
relates well with the literature on the WSC in Section 3.3. This does not take into account
the ice in the fjords over the winter months. The presence of sea ice north of Spitsbergen
varies strongly between years, with some winters the ice covers extends to the coast and in
other years in the same season the waters are completely ice-free.
The passenger vessel activity around Svalbard is highly seasonal and peaks between May
and October in all years studied. During these months, passenger vessels are always present
in Isfjorden and along the west coast of Spitsbergen. Their activity around the rest of the
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archipelago seems to depend on the presence of sea ice. As of 2016, passenger vessels started
operating in March. There is a slight increase in numbers earlier in the spring seen on the
stacked bar plots (Figure 5-2; Figure 5-3) and increased activity observed on the maps
(Figure 5-4; Figure 5-5; Appendix D). The number of passenger vessels in June and July
remains quite stable with an average of 30 vessels over the study period. There is a strong
increase in the numbers of passenger vessels in the months of May, August and September.
In May 2013 there were 4 vessels and in May 2017 there were 14. Looking at the month of
August the increase in vessels goes from 14 in 2012 to 27 in 2018. And finally, the month
of September has 7 vessels in 2012 and 14 in 2016 (Figure 5-2; Figure 5-3).
Fishing vessels are present year-round in waters around Svalbard, and they represent the
dominant fleet. The months with the most fishing vessels are from September to January and
the months with the least vessels are between March and May (Figure 5-2). As of 2016, more
fishing vessels are present over the summer months. Little fishing activity takes place north
of 76° N in April throughout the entire study period. Over the summer months from July to
September fishing activity moves north with the retreating ice. In October the fishing vessels
retreated to lower latitudes with the ice edge moving southwards in the east of the
archipelago. This is well observed in the autumn of 2014 (Appendix D). In general, the
number of fishing vessels has increased in the study period. The years of 2012 and 2013
have the lowest numbers of fishing vessels in all months, as 2015 and 2017 have the highest
number of fishing vessels (Figure 5-2; Figure 5-3). The months of September and October
2015 have the most fishing vessels in the study period, 147 vessels in each month. From the
maps, the fishing activity also seems to increase in the late autumn and early winter months.
In general, the number of passenger and fishing vessels operating around Svalbard have
increased since 2012. The stacked bar plots support this increase in vessels seen on the maps.
The following section examines and compares the years of 2013 and 2017. Further analysis
regarding the relationship between sea ice variability and mobility patterns of passenger and
fishing vessels in 12 zones around the archipelago follow in Section 5.1.3.
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Figure 5-2: The number of vessels per month present in waters around Svalbard in the
seven years studied. “Other vessels” regroups up to fifteen different types of vessel, such as
research vessels, ice breakers, bulk carriers, etc.

42

Figure 5-3: Figure 5-2 continued.
5.1.2 Changes in sea ice cover and mobility patterns between 2013 and
2017
In order to illustrate the sea ice variability and mobility patterns of fishing and passenger
vessels, a series of maps from 2013 and 2017 are examined (Figure 5-4 to 5-7). These years
represent the first and last year with complete datasets in the study period (Section 2.3). This
sample allows to directly compare the development of passenger and fishing vessels around
Svalbard, and these maps show a clear increase in activity in all months. We are no longer
talking about expectations of increased activity in the region, it is already taking place around
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the archipelago of Svalbard. Additionally, these maps show how sea ice extent varies from
one year to another. Further observations of these maps are detailed below, developing the
relationship between passenger and fishing vessels with sea ice variability.

Figure 5-4: Maps with average sea ice concentration, and fishing and passenger vessel
positions in January, February and March of 2013(left) and 2017(right).
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Figure 5-5: Maps with average sea ice concentration, and fishing and passenger vessel
positions in April, May and June of 2013(left) and 2017(right).
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Figure 5-6: Maps with average sea ice concentration, and fishing and passenger vessel
positions in July, August and September of 2013(left) and 2017(right).
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Figure 5-7: Maps with average sea ice concentration, and fishing and passenger vessel
positions in October, November and December of 2013(left) and 2017(right).
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Sea ice
In 2013, the ice edge in the south of Svalbard is located east of 16° E and reaches 75° N in
March and April, which is the lowest in the study period. And March 2013 has the most ice
coverage when comparing all March observations (Appendix D). It is interesting to observe
how fast the ice edge retreats northward on the east side of the archipelago between April
and June 2013 compared to 2017 (Figure 5-5). September and October 2013 have the least
ice coverage comparing to all September and October observations respectively (Appendix
D). 2017 is an interesting year regarding the sea ice extent. It increases drastically between
January and April, and it is the fastest sea ice extent expansion in the study period. January
2017 has the least sea ice when comparing to all other January observations and April 2017
has the most ice coverage when comparing all April observations (Appendix D). The ice
cover remains present until July 2017. The months between April and July 2017 (Figure 5-5;
Figure 5-6) have the most ice coverage when comparing the same season throughout all
years (Appendix D).
Passenger vessels
The passenger vessel activity is strongly seasonal, where the most popular months are June,
July and August (Figures 5-5; Figure 5-6). The maps of 2013 and 2017 show that the
passenger vessel activity extended earlier in the season in the later year. March and April
2017 show passenger vessels sailing between Longyearbyen, Ny-Ålesund, and all the way
to the ice edge near 80° N (Figure 5-4; Figure 5-5). In the same months in 2013, there is a
complete absence of passenger vessels. Looking at the bar plots the number of vessels
operating in March and April 2017 is small (Figure 5-2). Over the course of these months 2
and 3 vessels respectively have sailed along the west coast of Spitsbergen. This shows that
even with a small number of vessels, significant activity is observed in this region. With the
strong presence of sea ice until July 2017, it becomes interesting to look at the passenger
vessel activity, going as close as possible to the ice edge. This makes the passenger activity
in June and July very dense along the west coast and along the southeast. In July 2017, the
Hinlopen Strait (Figure 2-3) is ice-free and becomes accessible to sail through, which
enables passenger vessel activity operating around the archipelago. Over the second shoulder
period, here September and October, there are slightly more vessels in 2017, and they sail
longer distances around the archipelago compared to 2013.
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Fishing vessels
As observable on the maps of 2013 and 2017, fishing activity takes place year-round off the
southwest and southeast of the archipelago. The lowest activity is observed during the
months of January, February and March and vessels are generally operating in the southern
waters surrounding the archipelago (Figure 5-4). Nevertheless, the difference of fishing
activity between 2013 and 2017 is remarkable, where it increases across all months and
seasons. The strongest increase occurs over the spring and summer months. For example, in
April 2013 there are 50 fishing vessels and in April 2017 there are 79 vessels. June 2013 has
77 vessels and June 2017 has 124 vessels (Figure 5-2; Figure 5-3). In parallel to the change
in the number of fishing vessels operating around the archipelago between 2013 and 2017,
it is interesting to note how close the fishing vessels follow the ice edge. This is particularly
obvious in the east and northeast of Svalbard where vessels follow the ice edge. December
2017 is an exception to this, where the fishing vessels remain close to the coast, even with
the ice edge located near 82° N. This shows that there are other factors than the sea ice cover
that influence mobility patterns.
5.1.3 Time series
In this study, time series allowed to achieve a more detailed understanding on the
relationship between sea ice variability and mobility patterns. For each 12 zones determined
around Svalbard (Figure 2-2) the monthly mean sea ice extent and the monthly number of
vessels were extracted and shown as time series between August 2012 and August 2018. As
described above, between 2013 and 2017 there is an increase in vessels and trajectories as
well as an expansion in areas visited. Passenger vessels start to operate earlier in the season
and more fishing vessels are present over the summer months. The time series bring
additional information on the location of increasing numbers of cruise and fishing vessels
around the archipelago of Svalbard, and allow to determine if these destinations were related
to the sea ice variability. A few time series are shown in this section (Figure 5-8 to 5-12) and
all the time series from the 12 zones are included in Appendix E.
Sea Ice
The time series allowed to determine which areas around Svalbard have the highest interannual sea ice variability in the study period. These time series also informed on monthly
sea ice variability, by calculating the standard deviation (Section 2-3). Where the wider the
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shaded area the more variation occurred within the month. The east coast of Svalbard more
specifically Zones 5, 6, 8 and 9 (Figure 2-2), showed strong seasonality of sea ice formation
with little inter-annual variation, with maximum extent reached in the late winter and
minimum extent in the summer. On the contrary, in the north of Svalbard, Zones 1, 2 and 3
showed stronger inter-annual variation in ice extent and less of a seasonal cycle. For
example, Zone 1 has an ice extent that covers 10 % of the zone in September 2013. In
September 2014, the same zone is covered 95 % by sea ice. In the south of Svalbard, Zones
and 11 and 12, there is little ice throughout the entire study period.
Passenger vessels
These time series show strong seasonality of cruise tourism around Svalbard between May
and October in all zones. The highest numbers of vessels are observed along the northwest
coast of Spitsbergen in Zone 4 (Figure 5-9). Zone 12 (southeast of Svalbard) holds the least
passenger vessels throughout all years with a maximum of 2 vessels are observed. In most
zones, the number of passenger vessels remains constant throughout the years and their
activity seems independent of the ice extent. This is well illustrated in Figure 5-8, where the
number of passenger vessel operating in Zone 2 (north of Svalbard) reaches 20 in all seasons.
However, considerable sea ice extent variability is observed. Referring to the maps,
passenger vessels sail close to the ice edge when the summer months have high sea ice
extent.

Figure 5-8 Time series of passenger vessels and sea ice extent in Zone 2 (north of Svalbard).
Shaded blue areas represent the standard deviation of the sea ice extent for each month.
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Figure 5-9: Time series of passenger vessels and mean sea ice extent per month in Zone 4
(northwest of Svalbard). Shaded blue areas represent the standard deviation of the sea ice
extent for each month.
Fishing vessels
Fishing activity is also very seasonal with peak activity reached in October and November.
The most interesting Zones are 6 and 10 (east and south of Svalbard, respectively) as the
number of fishing vessels increases when the sea ice extent decreases (Figure 5-10; Figure
5-11). There is an increase in numbers in 2015 and the maximum of vessels remain stable
afterwards. In the south of Svalbard, Zones 7, 11 and 12, fishing vessels follow a seasonal
trend, and a yearly increase is observed (Figure 5-12; Appendix E). Zone 11 (southwest of
Svalbard) has the most fishing vessels year-round (Figure 5-12).

Figure 5-10: Time series of fishing vessels and mean sea ice extent in Zone 6 (east
of Svalbard). Shaded blue areas represent the standard deviation of the sea ice
extent for each month.
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December 2017, January 2018, February 2018 and March 2018 are the months with the least
fishing vessels above 80° N with the waters being completely open almost up to 82° N
(Appendix E). These months are the exceptions.

Figure 5-11: Time series of fishing vessels and mean sea ice extent in Zone 10 (east and
south of Svalbard, respectively). Shaded blue areas represent the standard deviation of the
sea ice extent for each month.

Figure 5-12: Time series of fishing vessels and mean sea ice extent in Zone 11 (southwest of
Svalbard). Shaded blue areas represent the standard deviation of the sea ice extent for each
month.
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5.2 Experiences of a changing sea ice edge
In this section, the results of the interviews are presented, giving additional insight on the
changes seen in the data presented above. These results are key to understanding the
importance of sea ice variability as a factor for the increase in vessels around Svalbard.
Overall, the results show implications of changing sea ice for both the cruise tourism and
fishing industry. The increase in vessel activity also raises concerns regarding safety and
further perception on the use of sea ice services was given.
5.2.1 The big picture
The interviewees’ answers related to sea ice variability and maritime activities draw a
parallel with the observations from the maps, stacked bar plots and times series presented in
the previous sections, as well as for some points presented in the literature analysis. All
interviewees mention the sea ice is declining, with strong seasonal variation. They argued
that vessels sail to further destinations in the archipelago and that seasonal activity has
changed. The majority of the interviewees mentioned areas that were not accessible 5-6 years
ago. These new destinations are located in the northeast of the archipelago of Svalbard,
around the islands of Nordaustlandet and Kvitøya (Figure 2-3). When looking at all monthly
maps (Appendix D), the maximum activity around Kvitøya takes place in July and August
2018. The access to this island is completely blocked by ice in the summers of 2013, 2015
and 2017 (Figure 5-4 to 5-7; Appendix D). A sea ice researcher argued that the waters around
Svalbard are part of the most active areas in the Arctic, with year-round maritime activity
which is higher over the summer months. This is consistent with the literature analysis and
findings of Eguiluz et al. (2016) and Larsen (2017) (Section 4.4). Some captains claimed
that the increase in the number of vessels and their expanding activity has resulted in a
stronger presence of the Norwegian Coast Guards. Their presence brings additional support
to the local SAR services and they also assist research vessels.
In 2018 the archipelago was free of ice early in the summer season, and the ice edge
continued to retreat drastically far north until September. A captain from a research vessel
described that it was possible to sail in ice-free waters at 82° N during the month of July
2018. This captain argued that operators aiming to reach the ice edge, for research or tourism,
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needed to consider more time. A captain from an expedition cruise vessel claimed to have
reached the ice edge at 83° N in July 2018. This relates to the map of July 2018 which shows
passenger vessels sailing above 82° N (Figure 5-13).

Figure 5-13: Map of Svalbard with sea ice concentration, fishing and passenger vessel’s
position in July 2018.
Many of the interviewees first specified that they are not ice specialists before expressing
the changes observed on the sea ice cover and environment around Svalbard. It was
mentioned in several interviews that the strong sea ice variability challenges destination
planning. These interviewees claimed when in doubt on the daily ice charts, skippers and
captains sail up to the ice edge to estimate the situation better using intrinsic knowledge.
This practice is done with smaller vessels as they can be manoeuvred with more ease and
are more flexible in their voyage planning than larger vessels. The majority of the
interviewees stated a strong sea ice variability around Svalbard both in extent and in the
different types of ice (Section 3.1). A sea ice researcher claimed that the MIZ might expand,
and this zone will become an interesting place for maritime activity. The MIZ (Section 3.1.2)
holds some maritime activity, mostly passenger vessels as this environment holds most of
the iconic species (Palma et al., 2019). This mirrors one of the captain’s experience, who
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sails in the MIZ and first-year ice to seek for shelter in case of bad weather, as the wave
effect is diminished in the ice.
Even though climate change is strongly impacting the decline of sea ice, other changes are
observed around Svalbard. Warmer ocean and atmospheric temperatures also cause the
glaciers to retreat, which directly impacts the landscape. On a more specific level, two
interviewees claimed that there is no more ice in Ny-Ålesund, a Norwegian settlement
located on the north west of Spitzbergen island (Figure 2-3). These informants also claimed
that both in Ny-Ålesund and Pyramiden the landscape is changing; peninsulas are now
islands and retreating glaciers are revealing new land. A captain that operated daily in
Isfjorden between May and September claimed that in the winter months Isfjorden freezes
up, but in late winter of 2017 and early spring of 2018 the ice was much thinner than previous
years. Therefore, non-ice class vessels could reach Pyramiden, an ex-Russian settlement
located in Billefjorden (Røsvik, 2018), earlier in 2018.
Over the study period, Isfjorden is the busiest fjord in the archipelago with the exceptions of
April 2012, November 2013, February 2017 (Appendix D). The fjord is most visited by
passenger vessels between March and October in the later years. A representative of a cruise
tourism association and a captain claimed that the number of vessels coming to
Longyearbyen has doubled over the course of a year, overcrowding the harbor. These
interviewees mentioned that this increase of vessels has pushed to some modifications and
development; the peer in Longyearbyen was extended by 60m, but this is not sufficient to
sustain the traffic that keeps growing. In addition to the limited space there are too few
people working to maintain the harbour. The Governor of Svalbard is planning to build a
new harbour by 2021 (Røsvik, 2018).
5.2.2 Sea ice changes and implications for passenger vessels
Sea ice variability affects oversea cruise and expedition cruise ships differently. The oversea
cruise vessels are limited by time and the ban on heavy fuel oils to visit other parts of the
archipelago. A representative of a cruise tourism association stated that before 2015 some of
these ships would sail up to Magdalenefjorden (Figure 2-3). Today, the oversea cruise sector
will remain in Isfjorden, where two landing sites have been assigned: one in Kapp Schoulz
in Tempelfjorden and the other in Kapp Napier in Billefjorden (Figure 2-3).This is done with
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local guides to ensure both human safety and wildlife protection. The first call of an oversea
cruise vessel is in late May or early June. A representative of a cruise tourism association
also claimed that Isfjorden is generally ice covered in the winter and spring, therefore the
oversea cruise companies do not have much interest to operate earlier yet. This interviewee
mentioned that sea ice is not the only variable to take into consideration for this decision.
For example, the increase in demand to sail to the Arctic also influences the seasonal
operations.
A representative of a cruise tourism association claimed that historical and daily ice charts
from MET Norway are used to assist the operators organize and plan their tours. The
historical data is essential to assess the probability of ice being present in the area desired.
A captain from an expedition cruise vessel stated they plan many alternative routes while
sailing around Svalbard, mostly due to inter-annual sea ice variability. A good example of
this is observed on maps in the early summer of 2017. These maps show a high density of
passenger vessels along the ice edge, as the northeast was not accessible due to the ice extent
(Figure 5-5). The same area was ice-free in 2016 from June to December (Appendix D).
Therefore, operators assess the sea ice conditions a few weeks preceding the expedition. All
interviewees claimed when sailing around Svalbard operators keep a continuous update on
the ice conditions through the daily ice charts. From the interviews most operators use MET
Norway ice chart and there is an urge to make these charts over the weekend. According to
a representative of a cruise tourism association a non-negotiable delay comes into play
between the ice charts and real conditions. Most captains mentioned similar concerns with
limited guidance on sea ice conditions over the weekend. They said ice charts are a main
tool to plan trajectories, but vessels are equipped with other tools on board to detect ice, such
as radars. Additionally, all the captains stated that they use their intrinsic knowledge to assess
sea ice conditions, combined with experience on how the vessel operates in these conditions
when navigating around Svalbard.
Concerning the regulations of cruise tourism, a representative of a cruise tourism association
claimed that one of the major challenges with specific landings sites is the other vessels that
are not members of the association that also sail to these sites. Therefore, the efforts to
minimize environmental impact and provide a unique experience can be compromised.
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5.2.3 Sea ice changes and implications for fisheries
As discussed by Eguiluz et al. (2016) fishing vessels are the dominant fleet in the Arctic.
This statement also stands for the waters around Svalbard, when looking at the results in
Section 5.1. Not all fisheries have the incentive to follow the ice edge, but the extent
determines the accessibility of the fishing grounds. This movement of the fishing vessels
with sea ice extent shows on the maps in Section 5.1.2. The fisheries that operate near the
ice edge are mostly interested in shrimp and snow crab (Section 4.3.5). A fisheries
representative for northern Norwegian waters explained that approximately 60 Norwegian
vessels are licensed to catch snow crab in the Barents Sea. However, only six to seven vessels
are actively fishing for snow crab due to the current size of the stock.
The shrimp fishery also operates close to the ice edge, where the polar front is located. This
front is important for this fishery, but the depth of the continental shelf is a limiting factor
that needs to be taken into account (Figure 4-6). The fisheries representative explained that
shrimp trawlers are also cod trawlers, allowing to vary catch over different seasons. The
interviewee claimed that the best season for the shrimp fishery is between late winter and
early summer, over the months when sunlight returns. The fisheries representative argued
that over the winter months cod fisheries are the richest and easily accessible for many
vessels. This correlates with the results in Section 5.1.1 where the months of September,
October and November show the highest numbers of fishing vessels around Svalbard. In
general, fishing opportunities around Svalbard are determined by the sea ice extent and size
of stocks. The distribution of commercial species does not seem to be moving north as
expected. The cod fishery is an exception, which is located further northeast than it used to
be. The high supply of cod over the winter months reduces the market value of the species.
The interviewed fishery representative stated that there is no quota system for shrimp, and
as a cod trawler can be used to catch shrimp, it could be that the increase in fishing vessels
above 78° N reflects an economic strategy from fishing companies.
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5.2.4 Sea ice services
Behind all the mobility patterns observed on the maps is an entire sector of technology
development. From the launching of new satellites to generating ice charts in order to meet
end-user needs operating in the Arctic. Interviewees were also asked questions on their
perception on sea ice services. This section presents results from the interviews, focusing on
the utilization of sea ice services by end-users combined with intrinsic knowledge for
decision making and to plan routes. Other services are also crucial to minimize risk in remote
areas, such as seafloor maps. Even though this topic was mentioned in several interviews it
is outside the scope of this thesis to expand on seafloor maps.
The practicality of sea ice services is perceived differently by the interviewees. Some
captains consider these services as very useful and they appreciate the progress in providing
ice charts over the past 10 years. One captain mentioned that in the 1990s there was only
one chart a week, which made sailing in the Arctic more challenging than today. There seems
to be a general satisfaction of ice charts which are improving in quality and frequency.
However, one captain stated that an ice chart every 24 hours is insufficient, mostly in regard
to safety and SAR. There is a lack of infrastructure and limited man-power, a captain argues
when sailing in these high latitudes “you are alone and responsible for your own safety”. In
addition, the sea ice researcher argued the limited band-width in higher latitudes makes the
reception of the ice charts challenging. There is also a gap between what the institutions
produce and what the end-users need as information (Section 4.1.2). Most of the
interviewees claimed a need for ice charts to be provided over the weekend and there is a
lack of forecasting products by ice services.
The daily ice charts, such as in Figure 5-14, are generally created from Synthetic Aperture
Radar satellite data. This data has a higher resolution than the passive microwave data that
is used to determine the sea ice concentrations on the maps presented in this thesis. There is
a large range of different sea ice services, from private to public and mixed collaboration,
which all have the goal to provide guidance for maritime activity in the Arctic. A sea ice
researcher mentioned that private services might be limited by funding, thus restricting the
timeframe of the service. This thesis focuses purely on publicly funded services, as the
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majority of end-users interviewed use the daily sea ice charts provided by MET Norway.
The fishery representative stated that fisheries also use the FiskInfo2 platform as it provides,
in addition to the ice edge, information on fishing activity in the Norwegian and Barents Sea
as well as waters north of Svalbard.

Figure 5-14: An example of a daily ice chart around Svalbard, May 14th, 2019.
Source: MET Norway, 2019.
Throughout this chapter a series of maps showed that considerable activity takes place near
the ice edge. These interviews illustrated that sea ice services are essential to plan and operate
around Svalbard. In general, these results showed that there are considerable environmental
changes, and cruise tourism and fisheries are developing in the waters around Svalbard.
These growing industries present several challenges such as limitations in sea ice and SAR
services, which are themes that will be elaborated in the next chapter.

2

https://www.barentswatch.no/fiskinfo
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6 Discussion
Throughout Chapters 3, 4 and 5, different changes in the Arctic and around Svalbard were
described: sea ice is declining, maritime activities are developing, and governance is
adapting to these changes. This chapter will focus on connecting these topics and results by
discussing some main implications of increasing maritime activities for Svalbard. In the first
sub-section, sea ice variability and navigational trends are discussed by focusing on the
relationship between them, while considering the methodological and data limitations. One
main observation from the results is that the number of vessels is increasing in the Arctic.
This change in maritime activities puts pressure on SAR services; the implications for
Svalbard and Norway are discussed in the second sub-section. Operations are being
challenged with more vessels sailing in the region as well as increased activity over the
winter months. Vessels are required to be autonomous when sailing in remote regions. As
sea ice remains one of the biggest dangers likely to cause an incident in the Arctic, sea ice
services are a key tool to ensure safety. The third sub-section elaborates upon these services.
With the development of maritime activities occurring now, the end of the chapter will focus
on implications for environmental governance of maritime activities around the archipelago
of Svalbard and reflect on the extent to which we are moving towards an “Arctic Saga”
scenario proposed by the Arctic Council a decade ago (Section 4.2).

6.1 Sea ice variability and vessel activity
As mentioned in Section 4.1, the European Arctic holds the most maritime activities in the
Arctic today. The main observations in this thesis is an increase of passenger and fishing
vessels over the seven-year study period in waters around Svalbard. Here, sea ice conditions
around Svalbard are compared with the rest of the Arctic to emphasise the need for regional
management towards environmental changes, before focusing on the relationship between
sea ice variability and maritime activities in this region.
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Sea ice
The maps in Chapter 5 show a strong intra- and inter-annual sea ice variability between 2013
and 2017. The inter-annual sea ice extent around Svalbard differs from the trends observed
across the Arctic. Most apparent is the difference in timing of the maximum sea ice extent,
which is reached in March in the entire Arctic, whereas the sea ice maximum occurs in April
around Svalbard. Additionally, pan-Arctic observations do not necessarily apply to
Svalbard. In March 2017 the lowest maximum ice extent was recorded since 1979 (NSIDC,
2018) (Table 3-1), whereas around Svalbard, March 2017 had the highest sea ice extent
observed in the study period. The minimum sea ice extent around Svalbard follows the Arctic
trends, where 2012 is the year with the minimum sea ice extent both in the Arctic (Table 32) and around Svalbard.
As observed in Section 4.1.1, the sea ice variability across the Arctic differs throughout
regions, with an effect on maritime activities. The maritime traffic in the Canadian Arctic is
mostly influenced by the presence of multiyear ice (Pizzolato et al., 2016). The strong interannual changes in the Canadian Arctic represent a challenge for planning routes and also
increase the risks for navigating in this region (Friedman, 2019). Across the Northern Sea
Route, presence of sea ice impacts the time needed for shipping (Aksenov et al., 2017; Melia
et al., 2016). However, Svalbard differs from these passages, as most vessels operating in
these waters try to sail around the archipelago. The strong sea ice variability throughout the
study period does not seem to affect the numbers of passenger and fishing vessels but
determines the areas of activity of these vessels.
Passenger vessels
As seen in Chapter 5, there is an increase in passenger vessel activity around Svalbard, but
this does not necessarily represent an increase in the number of vessels. This is best
represented over the months of March and April of 2013 and 2017, where the stacked bar
plots show little increase in the number of vessels (Figure 5-3) but the maps (Figure 5-4;
Figure 5-5) show significant increase of activity. Combining the different results, this
increase in activity relates well to the new waters becoming accessible to maritime activities,
even with strong inter-annual sea ice variability. The majority of the passenger vessels seem
to circumnavigate the archipelago when ice-free, as most tours and planning include landings
along the coast. However, passenger vessels still sail to the ice edge even when located at
high latitudes as observed in July 2018 (Figure 5-13) and in the time series of Zone 1
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(Appendix E). The number of vessels sailing north of 81°N seems to be growing but (not all
vessels sailing to the archipelago have the intent to sail at such high latitudes) this number
remains lower than the total number of vessels sailing around the archipelago. There appears
to be little interest, at least for now, to sail in the MIZ. However, a study from Palma et el.
(2019) discuss cruise tourism takes place in the MIZ already, it would relevant to make
additional observations at a smaller scale and over a shorter time period whether passenger
vessels do sail past the ice edge. As increasing activity in the MIZ is of strong relevance for
management of vessel activity at higher latitudes. Mostly in terms of the type of sea ice
information that is needed to ensure safe navigation in the Arctic, this will be discussed in
the section 6.3.
However, there are other variables that need to be taken into consideration for the increase
of passenger vessels activity around Svalbard. In the earlier months in 2013, the entire
archipelago is accessible for navigation, but no passenger vessels are observed. It takes time
for an industry to develop, building new vessels takes years, and planning of new routes is
based on sea ice conditions observed over previous seasons. The increase in activity is also
dependent on the push for demand of Arctic exploration, which is definitely experiencing
growing interest. As mentioned in Section 4.4.1, cruise tourism is a fast-growing industry in
the region, where 28 new expedition cruise ships are expected to operate in the Arctic in the
next couple of years (Nilsen, 2018). Some of these ships will be luxurious ice class passenger
vessels, such as the “Le Commandant Charcot” planning to sail to the North Pole and
“National Geographic Endurance” along the Northern Sea Route (Humpert, 2019a; Nilsen,
2019b). The destinations for the expedition cruise industry will expand beyond the ice edge,
thus bringing more people to more remote areas. This raises questions and concerns for SAR
which is discussed below in Section 6.2.
Fishing vessels
Fishing activity corresponds well between the maps and the literature study, with strong
fishing interest year-round in Zones 7 (southwest of Spitsbergen), 10 (southeast of
Spitsbergen), 11 (south of area studied) and 12 (southeast of area studied) (Figure 2-2;
Appendix E). There is an increase in the numbers of vessels in these zones and fishing
activity expands to Zones 5 (Hinlopen Strait), 6 (east of Nordaustlandet) and 8 (waters
around Edgeøya) in the later years, as observed in the previous chapter. In all zones north
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and east of the area studied, the fishing vessel movements are driven by the presence of sea
ice and this well observed when looking at the maps (Appendix D). The heaviest fishing
activity around Svalbard takes place between August and December, which hold the least
sea ice. This relates well with Chapter 3 where the ice edge has drastically retreated in the
Barents Sea and, as shown in the maps, a lot of fishing activity takes place in the east. The
archipelago is almost ice-free in the autumn and early winter months over the study period,
with the exception of 2014 which had a large sea ice cover. From the interviews, these
months are rich in commercial species such as cod, which mirrors the species distribution
map (Figure 4-5). However, little activity is observed far off the west coast of Spitsbergen
despite the absence of sea ice in this area. This limited activity is in part due to the fact that
fishing vessels face operational limitations due to the bathymetry of the region, because of
the rapid increase in depth off the west coast of Svalbard (Figure 4-6). Also, there are less
fish in these deeper waters.
The increase of water temperatures in higher latitudes also impacts species distribution, as
mentioned in Section 4.3.5. In general, fishing activities are moving northwards following
the location of the commercial species as long as it is economically viable. Even when icefree, there is not necessarily an incentive to fish above 80° N. This is observed in the time
series of Zone 6 (east of Svalbard) over the months of August to November 2015 (Section
5.1.3), and in the maps between December 2017 and June 2018 north of Nordaustlandet
(Appendix D).This could be because there is better fishing activity in other areas, or due to
the absence of commercial species or bad weather conditions. These are suggested
explanations as it is beyond the scope of this thesis to explore the seasonal location of
individual species and weather patterns around Svalbard. The few vessels that do sail north
of the archipelago follow the ice edge. These vessels could be fishing for shrimp, which are
present in the north.
As seen over this study period of seven years, there is strong sea ice variability around
Svalbard, which challenges the planning for both the cruise tourism and fishing industries.
However, these industries are growing mostly by expansion of destinations and the duration
of seasonal operations, which puts pressure on SAR services around Svalbard. This
increasing interest to sail in more remote areas to reach the retreating sea ice edge for
passenger vessels and following commercial species for the fishing vessels requires further
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attention regarding risk assessment and management. These changes in mobility patterns
bring additional challenges for SAR operations for example on the capacity and time needed
to reach higher latitudes should be of main focus. These SAR challenges are further
developed in the following section.

6.2 Safety
The increasing interest for vessels to sail around Svalbard and in the Arctic puts pressure on
SAR services. The main emerging challenges for SAR operations are: (1) to adapt to vessels
with growing passenger capacity and (2) to access remote areas. Therefore, limited resources
and time are added to the already challenging weather and sea ice conditions encountered in
the Arctic which represent higher risks for navigation. Some recommendations follow based
on the insights from this thesis.
Development of SAR infrastructure
The combination of limited facilities, a scarcely populated region and increasing maritime
activities are major challenges for SAR. In March 2019, an incident occurred in southern
Norway where the cruise ship “Viking Sky” experienced engine failure in bad weather
conditions which resulted in the evacuation of 1300 passengers (Quinn, 2019). The operation
was successful but demanded effort and mobilization of helicopters and 400 volunteers along
the west coast of Norway. This incident raises many questions on SAR and the development
of the cruise tourism industry in the Arctic, where similar infrastructure and man power are
lacking (Quinn, 2019; Urke, 2018). This is typically the case in Svalbard where the town of
Longyearbyen and its 2200 habitants suffer a lack of medical facilities and resources to
handle such an incident, with two helicopters, a small hospital with limited staff, and
restricted accommodation. In July 2018, the passenger vessel “Aurora Explorer” collided in
the dock of Barentsburg, the second largest settlement in Svalbard (Figure 2-3; Taylor,
2018). 37 passengers were injured with one of them seriously, and a total of ten passengers
were sent to mainland Norway for medical assistance. This rather small incident shows the
limitations of medical services in the archipelago. These two passenger vessel incidents
introduced here stress the need to develop infrastructure in Svalbard when observing the
number of vessels sailing around the archipelago (Section 5.1) and the increasing passenger
capacity of certain vessels (Section 4.3.4).
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The risks of sailing in Arctic waters are not the same throughout the year. During the winter
months, the conditions are harsh with temperatures well below zero and limited visibility
due to polar nights. The maps in the previous chapter show high fishing activity around
Svalbard over the winter season These vessels must calculate every action sailing alone in
remote areas. On December 28, 2018, the fishing trawler “Northguider” ran aground in
Hinlopen Strait, located in the north of the archipelago (Figure 2-3). This incident
demonstrates the major challenges of sailing in newly accessible waters, with lacking
information on the seafloor. Even though the SAR service put in place in Svalbard is
designed to help a fishing vessel in distress (Urke, 2018), the biggest challenges in this
situation is to reach the vessel in distress with limited visibility due to polar night, and
extreme temperatures and weather conditions. Fortunately the crew was successfully rescued
and all the diesel was removed from the vessel, but this took great effort and time (Erstad,
2019). The “Northguider” incident does not only show how challenging an incident in
remote areas over the winter months is, but it also showcased the efficiency of the habitants
of Longyearbyen to mobilize to support the SAR mission (Erstad, 2019). Nevertheless, in
case of an incident with a larger vessel, doubts arise about whether these human resources
are sufficient.
The role of international agreements
The general increase of maritime activities in the Arctic raises concern regarding SAR
services on an international level. Both the Arctic Council and IMO - through its Polar Code
- focus on developing SAR measures in the Arctic. After the publication of the AMSA 2009
report (Arctic Council, 2009), all eight member states of the Arctic Council signed in 2011
an Agreement on Cooperation on Aeronautical and Maritime Search and Rescue in the
Arctic. This agreement ensures that a SAR service is covered across the entire Arctic,
assigning additional responsibility to each state in international waters, but the challenges
related to an operation in high latitudes still remain. More research should look into the
practical implementation of the Arctic Council agreement and to what extent this
collaboration could complement for lacking resources.
IMO’s Polar Code (Section 4.2.2) pushes vessels to carry lifesaving equipment in order to
be prepared if an incident was to occur while sailing in waters where SAR resources are
restricted. One example is the need to ensure survival for five days on lifeboats. This was
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tested in SAR exercises around Svalbard, where participants tested rescue equipment. In
2017, the exercise took place on a lifeboat and was canceled after a day. In 2018, an exercise
took place on land, but it was not completed as the safety suits, food and drinks prepared
were insufficient to avoid participants reaching body temperatures close to hypothermia
(Urke, 2018). These exercises highlighted the problem of how long a passenger, for example
an elderly person, would survive in a lifeboat in the Arctic. Therefore, mariners are going
through a period of change and need to find approaches that follow guidelines from the Polar
Code. This issue illustrates the importance of governance and regulations within the cruise
and fishing industries regarding the safety on human lives and the protection of the natural
environment. There is a need to develop on local and regional levels to reach international
requirements. In the meantime, temporary regulations should be in place to limit vessel
activity in the Barents Sea as SAR services in Norway are worried with fishing grounds
moving northwards and tourists demanding to visit remote areas around the archipelago of
Svalbard (Forland, 2019). To sum up, SAR services in Northern Norway and Svalbard are
not dimensioned to facilitate assistance when a larger passenger vessel is in distress, and
there are gaps in our understanding of how international agreements and collaboration would
complement these resources.
Over the seven-year study period (2012 - 2018) a strong intra-annual sea ice variability is
observed, yet the numbers of vessels and their activity continue to increase. With more
vessels expected to sail to Svalbard it seems to be a race against time for SAR services to be
prepared in case of an incident (Nilsen, 2019a). However, the responsibility to ensure safety
around Svalbard and in the Arctic comes from two sides; from governments providing
additional SAR resources and from the industries themselves being responsible and
prepared. This section highlighted some challenges related to SAR operations and a large
spectrum of measures that need attention and investment to promote better SAR services
around Svalbard and across the Arctic. One of the main tools that is used by all operators to
minimize risk in the Arctic are sea ice services, which therefore deserve further
consideration.
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6.3 Sea ice services
Sea ice services and safety are closely related, since the access to more detailed information
on the ice conditions as well as weather becomes crucial to: (1) avoid risks and (2) ensure a
successful operation in case of an incident. The increase in maritime activities around the
archipelago of Svalbard requires better SAR capacity and the development of more useful
and publicly available sea ice services. These services are key to ensure sustainable and safe
development in the Arctic. Even though there is a large range of private and governmental
climate services (Knol et al., 2018), there remains a gap between scientists and decisionmakers and questions on whether climate services are useful, trusted and understood by the
end-users when navigating in Arctic waters (McNie, 2013).
In polar regions, receiving information on sea ice and weather conditions becomes
challenging for Arctic navigation as internet connection is limited (Haavisto et al., 2016).
The bandwidth limitation determines the type and size of data that can be downloaded
(Emmerson & Lahn, 2012; Knol et al., 2018). This emphasises the need for sea ice and
weather information to be accessible in areas with low bandwidth and focusing on providing
the essential information that end-users need to sail in these regions. Some organizations
have now started to deliver tailored information by sending smaller files with information
about ice conditions in specified geographical areas (Knol et al., 2018). As seen on the maps
in Chapter 5, the majority of passenger and fishing vessels do not sail in the ice. For
destination planning, the type of sea ice is important, but for immediate sailing the location
of the ice edge is essential for vessels operating in the Arctic.
In addition to receiving the information, sea ice needs better forecast for the development
and safety of maritime activities in the Arctic. Where ice charts are produced daily over
weekdays, forecasting sea ice variability remains a major challenge for meteorological
institutes. With strong sea ice variability, end-users rely on sea ice and weather services. The
MIZ is predicted to grow (Section 3.1.2) making sailing in the Arctic more hazardous.
Therefore, analysing the MIZ could become of high significance on a safety point of view
as cruise tourism vessels are navigating deeper in this ice zone (Palma et al., 2019). As of
today, sea ice services are not sufficient and intrinsic knowledge of the region remains
valuable to understand the changes and deciding upon trajectories.
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As sea ice services are a key tool to ensure safe and sustainable development in the Arctic,
it is essential to provide products of smaller formats that are easily accessible to a wider
range of vessels. From the interviews it is also of critical importance to deliver ice charts
over the weekends, as opposed to only weekdays.

6.4 Implications for environmental governance
Throughout the years analysed, two major regulatory systems that apply to maritime
activities around Svalbard were introduced. First, a heavy fuel ban was implemented around
most of the archipelago of Svalbard in 2015 (Figure 4-3). Second, the Polar Code entered
into force in January 2017 and is the first international code that focuses on human safety
and environmental protection simultaneously (Section 4.2.2). Maritime activities have
continued to grow in vessel numbers, season and destinations around the archipelago. This
raises questions on the effect of the implementation of these regulations: are maritime
activities around Svalbard and in the Arctic becoming more sustainable and safer? Do the
guidelines from the Polar Code direct the development of vessels to deal with challenges
specific to the Arctic, as this region remains remote with limited infrastructure and man
power in case of an incident (Section 6.3)?
The continued increase in the number of vessels suggests that the regulations put in place
are not sufficient to ensure a sustainable development of maritime activities around Svalbard.
Self-governance by the expedition cruise sector, mostly represented by AECO in Svalbard,
supports the idea that the ban on heavy fuel oils should apply across the entire Arctic. At the
Norwegian level, regulations also play a key role in pushing the expedition cruise sector to
become more sustainable. The Norwegian government imposes high taxes on oil, pushing
companies such as Hurtigruten to invest in developing on hybrid motors such as battery and
liquified natural gas (Skjeldam, 2019). Unfortunately, this national attempt does not apply
to Svalbard as one of the principles of the treaty is that taxes will only benefit Svalbard and
not Norway. However, Hurtigruten is an important operator around the archipelago of
Svalbard and could become a leader towards the vision shared with AECO of a ban on heavy
fuel oils across the entire Arctic. In parallel to this rather large task, AECO and the Governor
of Svalbard are developing new restrictions on sailing in early spring to limit wildlife
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disturbance during the breeding season (Blair & Müller-Stoffels, 2018). This shows a
reactive governance in Svalbard towards passenger vessel activity increasing in the months
of March and April as shown on the maps (Figure 5-4 and Figure 5-5). This also shows that
in Svalbard like most parts of the Arctic, governance, tourism and research are often
intertwined (Viken, 2011).
The Governor of Svalbard must first and foremost ensure that the Svalbard Treaty is
enforced. The Svalbard Treaty expands to 12 nm from the coastline and limits fishing
activity (Section 4.3). This is observed on the maps where there are no fishing activities near
the coast, for example around the island of Edgeøya (Figure 2-3) over the month of
September 2017 (Figure 5-6). Fishing vessels do however have the right to sail through these
waters, with a light fuel restriction depending on the area. This is observed along the west
coast and in Hinlopen Strait, which is used as a passage. Therefore, the number of fishing
vessel still remains high in these protected waters.
The increase of passenger vessels around Svalbard adds further challenges to protect the
natural environment. The ban on heavy fuel oils was a first step in this direction. As the
passenger fleet is the fastest growing in the region it is questionable whether this ban on
heavy fuel oils is actually a sufficient measure in protecting the environment. It does limit
the navigation options for the larger passenger vessels, that present a higher threat in the case
of an incident, both for the environment but also as discussed in Section 6.2 regarding safety.
In the results presented, the area around Magdalenefjorden (Figure 2-3), which was referred
to by an interviewee as an area visited by oversea cruise ships, was closed for traffic for large
vessels after the introduction of the heavy fuel oil ban. From the time series of Zone 4 (which
includes Magdalenefjorden) and Zone 7 (southwest of Spitsbergen) the decrease in the
number of vessels in 2015 could reflect the introduction of the ban on heavy fuel oils (Section
4.3.4). However, looking at the maps from the results chapter, there does not seem to be a
significant difference in the destinations of passenger vessels before and after the
introduction of this ban. The guidelines provided from AECO are specific to expedition
cruise vessels, but they are limited to operators that are member of the organization. The
selection of landing sites from AECO results from self-governance in order to reduce
negative impacts on the environment, although there can be some discussion whether this is
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not prioritizing a unique experience for the passengers. The guidelines on landing sites also
favors the natural environment by limiting the level of human disturbance.
The ban on heavy fuel oils is an important preventive measure to avoid the passage of large
vessels and limit introduction of pollutants in protected areas. From the interviews it does
not seem that these large oversea cruise ships are interested in sailing around the archipelago
where the ban does not apply, mostly due to time restrictions. On a regional level like in the
archipelago of Svalbard different measures need to be taken into consideration to manage
fleets already operating and growing in the region. Management of maritime activities
remains quite general and is not fleet specific, although maritime activities exploit the waters
and accessible land in a different way. Now that larger vessels are restricted, it could be
discussed that governance measures need to focus on fleets that are fast-growing in the
region. In the Canadian Arctic, passenger vessels must comply to stricter regulations and
more costs than sailing in waters around Svalbard, yet the number of vessels in the Canadian
Arctic is growing (Section 4.3.4).
Despite the ban on heavy fuel oils in Svalbard, the presence of large cruise ships remains a
challenge for SAR in remote areas with scarce population. The ban on heavy fuel oils limits
the oversea cruise vessels to operate outside Isfjorden which becomes their de facto
northernmost destination. This removes some pressure from SAR as the most remote areas
will not be visited by these large ships carrying up to 6500 people including passengers and
crew. Svalbard is not prepared to deal with such a vessel in case of an incident, and at lower
latitudes larger vessels represent considerable challenges for SAR. Are the tools provided
by regional and national governmental agencies, the Arctic Council, Polar Code and
Svalbard Treaty sufficient to ensure sustainable development of maritime activities?
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7 Conclusion
This thesis provided a better understanding on the relationship between sea ice variability
and mobility patterns of passenger and fishing vessels around Svalbard. The monthly
observations between August 2012 and August 2018 showed there is strong inter-annual sea
ice variability and the number of passenger and fishing vessels has increased throughout the
years. Overall, the mobility patterns of the vessels studied were strongly influenced by the
location of the sea ice edge. The season for passenger vessels has expanded to start earlier
in the spring (May in 2013 to March in 2017) and lasted until October. In the period
considered in this study, the sea ice cover mostly influences the destinations of passenger
vessels when present near the coast and once ice-free circumnavigation is observed. For
fishing vessels, the numbers and activity have increased in all months between 2013 and
2017. Seasonality was also present for fishing vessels, where maximum numbers occurred
between August and December in the waters around Svalbard. Most fishing activity took
place in the southeast of the area studied. This region has observed environmental changes
over recent years, where the sea ice edge has drastically retreated, and today strong fishing
activity is observed. Similar scenarios might become reality throughout the Arctic as sea ice
cover declines.
This thesis also described and discussed some of the governance implications of these
industries operating around Svalbard. The ban of heavy fuel oils in the majority of National
Parks and Nature Reserves, impacted the number of passenger vessels sailing to
Magdelenefjorden. Otherwise the introduction of this regulation seems to be a precautionary
measure. The Polar Code is not fleet specific, which should be more emphasised in the
Arctic, as different maritime activities are growing at different rates. The combination of the
Polar Code and the ban on heavy fuel oils in Svalbard covers the necessary measures for
managing larger vessels sailing in the region, such as oversea cruise ships and industrial
traffic. The SAR services in place are sufficient to help a small fishing vessel in distress, but
polar conditions still impose great challenges. However, there seems to be a gap in
governance when it comes to “medium-size” vessels. They do not carry the most harmful
pollutants, nevertheless an incident could have terrible consequences on the environment.
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The expedition cruise fleet falls under this category. This industry is booming in the Arctic,
and there are little predictions for the moment that show this trend is declining. This fleet is
provided guidelines by AECO, however not all operators are members and they are not
obliged to be. Self-governance is a good provisional method to manage the expedition cruise
industry. This study showed that this industry is growing, and new regulations are needed to
manage this industry. For example, more research needs to be done on the resilience of the
Arctic ecosystem towards human disturbance through increased cruise tourism activity.
With recent incidents this past year, the increased maritime activity raises concern for SAR
in remote areas. Increase of fishing activity in the winter months presents more risks for
these vessels, due to polar nights and extreme temperatures in uncharted areas. For better
management around Svalbard SAR services should be in place during these months and
more SAR infrastructure is needed outside of Longyearbyen as well. For SAR it would be
relevant to know how many people are present around the archipelago, bringing additional
information on areas that might require more attention Additionally, it would be relevant for
future research to highlight the areas that have the least seafloor mapping and determine
regions with weak bandwidth. This would stress the need for more SAR infrastructure in
specific areas around Svalbard and also accentuate the need to develop infrastructure, such
as bigger harbours, SAR vessels and helicopters in northern Norway. Determining areas with
different levels of risk would be valuable for managing maritime activities in the region.
This thesis has shown that there is an increase of activity of passenger and fishing vessels.
Further research that looks more closely into the distance in kilometers sailed by each vessel
and the areas the most frequently visited would allow to determine regions that require
“priority” management. Some regions hold high activity independently of the presence of
sea ice. Additionally, the scheduling of cruise vessels should be done in a collaborative way
between the local community and the operators. Governance implications are important for
the development of SAR services management of maritime activities
Passenger and fishing vessels do not sail in sea ice covered areas yet, but their activity is
driven by the location of the ice edge. These end-users require accurate information of the
ice edge in order to avoid the risk of encountering sea ice. For these vessels to be more
autonomous regarding safety conditions, sea ice products and their availability are essential.
The results presented in this thesis highlight that there is a need to invest on providing ice
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charts to end-users seven days a week. More in depth observations of a selection of vessels
and daily or weekly sea ice cover would give additional insight into the proximity to which
these vessels sail to the ice edge. This could stress the need to develop improved and more
frequent ice charts and could also help reduce the gap between sea ice services and end-users
needs. Focusing on different fleets would also be useful. The large number of vessels sailing
around Svalbard could contribute to providing additional information on live sea ice
conditions, and also give relevant information on regions where sea ice charts are the least
reliable and areas with the low bandwidth coverage. Combined with areas with high vessel
activity it would allow to determine the regions that: (1) are facing more human disturbance
and (2) are more vulnerable to risks and incidents.
To conclude, this thesis has provided a better understanding of the development of cruise
tourism and fisheries in a changing natural environment around Svalbard. Along with sea
ice variability, the development of these maritime activities is expected to increase into the
future. Throughout the discussion the need for governance system to adapt and evolve has
become apparent in order to face these upcoming changes. This study has hopefully provided
some background knowledge that is needed to understand the complexity of Arctic change
and emphasize the necessity for stronger management in the Arctic.
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Appendix A
Appendix A is an ethic clearance from the University Centre of the Westfjords.

Research ethics training and clearance
University Centre of the Westfjords
Suðurgata 12
400 Ísafjörður, Iceland
+354 450 3040
info@uw.is
This letter certifies that Alexandra Nadine Stocker has completed the following
modules of:
(x) Basic ethics in research
(x) Human subjects research
(x) Animal subjects research
Furthermore, the Masters Study Committee has determined that the proposed
masters research entitled Ice Edge Retreating. Influence on Maritime
Activities around Svalbard meets the ethics and research integrity standards of
the University Centre of the Westfjords. Throughout the course of his or her
research, the student has the continued responsibility to adhere to basic ethical
principles for the responsible conduct of research and discipline specific
professional standards.
University Centre of the Westfjords ethics training certification and research
ethics clearance is valid for one year past the date of issue.
Effective Date: 15 June 2018
Expiration Date: 15 June 2019
Prior to making substantive changes to the scope of research, research tools, or
methods, the student is required to contact the Masters Study Committee to
determine whether or not additional review is required.
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Appendix B
Appendix B is the information letter and consent form provided towards interviewees. As
the interviews were taken in Norway, this format was required by the “Norsk senter for
forskningsdata” (NSD).

Are you interested in taking part in the research project
” Ice edge retreating: influence on maritime activities
around Svalbard”?
This is an inquiry about participation in a research project where the main purpose is to
understand how sea ice variability affects maritime activities such as expedition cruise
tourism and fisheries around Svalbard. In this letter we will give you information about the
purpose of the project and what your participation will involve.
Purpose of the project
The Arctic environment is changing with global warming and the purpose of this project is
to understand the relationship between sea ice variability and maritime activities around
Svalbard. The focus will be made on expedition cruise tourism and fisheries vessels. These
industries operate close to the ice edge and their evolution will affect the regional economy
and safety. The analysis of sea ice concentration in parallel with automatic information
system (AIS) data, shows the evolution of vessel trajectories in newly accessible waters. The
location of the ice edge is extracted from passive microwave satellite data. The AIS data
provide information on the position of vessels sailing in the waters in the archipelago of
Svalbard. Merging these datasets will reveal the relationship between vessel movements and
the ice edge. One of the outcomes will be a map showing this correlation.
Combining remote sensing data analysis with interviews of captains, port authorities,
fisheries and local tourism companies will give a new insight of how sea ice variability
affects economic activities in the region. The cross-disciplinary approach used in this project
will clarify the relevance and implication of sea ice variability in decision making processes
and the management of maritime activities in Svalbard.
The goal of this project is to:
• Understand how sea ice edge variability affects maritime activities such as
expedition cruise tourism and fisheries and to analyze how their destinations and
trajectories have evolved over the past 6 years (2012-2018) around the archipelago
of Svalbard.
• Determine the relevance and implications of sea ice variability in decision making
processes and management in these two industries, as they operate close to the ice
edge and their evolution will affect the regional economy and safety.
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This project will try to answer the following questions: How do maritime activities evolve
with sea ice variability? How is sea ice information treated for decision-making within
expedition cruise tourism and fisheries industries?
This is an interdisciplinary master’s thesis project. And the data collected will only be used
in the purpose of this thesis.
Who is responsible for the research project?
The University Centre of the Westfjords, Iceland, is the institution responsible for the
project. The project is in cooperation with UiT and the Institute of Marine Research,
Norway. The project is also partly financed by Arc-change and Salienseas.
Why are you being asked to participate?
You are being asked to take part in this project because you were identified as a decisionmaker in a maritime industry that is present in Svalbard. Approximately 10 people have
been asked to participate. The information gathered will allow me to understand how
industries operating in newly accessible waters and what type of data used to consider risk
assessment, management and planning in waters with sea ice and how the declining sea ice
is affecting their decision-making.
I was given your contact by [supervisors, previous participant]
What does participation involve for you?
• If you chose to take part in the project, this will involve an interview that will last
between 30 and 40 minutes. I will ask you broad questions on how sea ice
variability affects your industry/organisation, what type of data does your
industry/organisation use and what could be improved to manage and plan
efficiently. The interview will be collected by a combination of notes and audio
recording using devices such as mobile phone or private computer. Both these
devices are protected by passwords.
Participation is voluntary
Participation in the project is voluntary. If you chose to participate, you can withdraw your
consent at any time without giving a reason. All information about you will then be made
anonymous. There will be no negative consequences for you if you chose not to participate
or later decide to withdraw.
Your personal privacy – how we will store and use your personal data
We will only use your personal data for the purpose(s) specified in this information letter.
We will process your personal data confidentially and in accordance with data protection
legislation (the General Data Protection Regulation and Personal Data Act).
• The student, Alexandra Stocker and supervisors Angelika Renner (IMR) and
Maaike Knol (UiT) will have access to the personal data.
• I will replace your name and contact details with a code. The list of names, contact
details and respective codes will be stored separately from the rest of the collected
data. The data will be stored on private computer that requires a password.
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The name of the organisation/industry will be published; therefore, you might be identified
as responsible for decision-maker in this [industry/organisation].
What will happen to your personal data at the end of the research project?
The project is scheduled to end June 15th 2020. At the end of this project the personal data
will be made anonymous.
Your rights
So long as you can be identified in the collected data, you have the right to:
- access the personal data that is being processed about you
- request that your personal data is deleted
- request that incorrect personal data about you is corrected/rectified
- receive a copy of your personal data (data portability), and
- send a complaint to the Data Protection Officer or The Norwegian Data Protection
Authority regarding the processing of your personal data
What gives us the right to process your personal data?
We will process your personal data based on your consent.
Based on an agreement with the University Centre of the Westfjords, NSD – The
Norwegian Centre for Research Data AS has assessed that the processing of personal data
in this project is in accordance with data protection legislation.
Where can I find out more?
If you have questions about the project, or want to exercise your rights, contact:
• The University Centre of the Westfjords via Alexandra Stocker (student) by email:
alexandra17@uw.is or by telephone: +47 40 64 95 59. IMR via Angelika Renner
(supervisor) by email: angelika.renner@hi.no or by telephone: +47 48 95 73 40.
UiT via Maaiek Knol (supervisor) by email: maaike.knol@uit.no or by telephone:
+47 77 64 67 31.
• NSD – The Norwegian Centre for Research Data AS, by email:
(personverntjenester@nsd.no) or by telephone: +47 55 58 21 17.
Yours sincerely,
Project Leader
Student
Angelika Renner
Alexandra Stocker
Maaike Knol
------------------------------------------------------------------------------------------------------------Consent form
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I have received and understood information about the project Ice edge retreating: influence
on maritime activities around Svalbard and have been given the opportunity to ask
questions. I give consent:
¨ to participate in an interview
¨ for information about me/myself to be published in a way that I can be recognised,
the name of your organisation/industry will be published, and you might be
identified
I give consent for my personal data to be processed until the end date of the project,
approx. June 2020
-----------------------------------------------------------------------------------------------------------(Signed by participant, date)
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Appendix C
Appendix C is the interview guide. As the interviews were taken in Norway and Svalbard,
this format was required by the “Norsk senter for forskningsdata” (NSD).

“The relationship between sea ice variability and maritime activities
around Svalbard”
Quick reminder on project/confidentiality/volunteer nature to the participant
The purpose of this project is to determine the relevance and implications of sea ice
variability in decision making processes and the management of maritime industries in
Svalbard.
Your decision to take part in the study is completely voluntary. You are free to choose not
to take part in the study or to stop taking part at any time during the interview or after it is
completed. If you would like to erase the recording after the interview you may choose to
do so.
Questions
• General overview of [industry/organization] and participant’s position
o How would you describe the [industry/organization]?
o What is your role in this industry?
• Sea ice
o How does sea ice variability affect [industry/organization]?
•

Location
o Where does most of your maritime activity take place in Svalbard?
o How has this evolved over the past 5-10 years?
o What are the limiting factors in developing activity all around Svalbard?

•

Economy
o With the decline of sea ice in the Arctic, how do you see
[industry/organization] in the future?

•

Safety
o What type of information could help ensure safety in recent accessible
waters?
o How does [industry/organization] assess risks related to sea ice/drift ice?
Which type of data do you use?
o Regarding sea ice, what type of data/information could improve decisionmaking and develop a better risk assessment?
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Follow-up questions
o Can you tell me more about that?
o How do you do that?
o Can you give me an example?
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Appendix D
Appendix D shows all maps from the years 2012, 2014, 2015, 2016 and 2018.

Figure D-1: Maps of Svalbard with average sea ice concentration, fishing and passenger
vessel’s position from August to December 2012
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Figure D-2: Maps of Svalbard with average sea ice concentration, fishing and passenger
vessel’s position from January to June 2014
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Figure D-3: Maps of Svalbard with average sea ice concentration, fishing and passenger
vessel’s position from July to December 2014
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Figure D-4:Maps of Svalbard with average sea ice concentration, fishing and passenger
vessel’s position from January to June 2015
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Figure D-5: Maps of Svalbard with average sea ice concentration, fishing and
passenger vessel’s position from July to December 2015.
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Figure D-6: Maps of Svalbard with average sea ice concentration, fishing and passenger
vessel’s position from January to June 2016.
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Figure D-7: Maps of Svalbard with average sea ice concentration, fishing and passenger
vessel’s position from July to December 2016.
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Figure D-8: Maps of Svalbard with average sea ice concentration, fishing and passenger
vessel’s position from January to June 2018.
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Figure D-9: Maps of Svalbard with average sea ice concentration, fishing and passenger
vessel’s position from July to August 2018.
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Appendix E

Appendix E shows all 24 time series of ice extent and number of vessels over the study period for each zone (Figure 2-2).

Figure E-1: Time series of and mean sea ice extent and fishing vessels (left), and passenger vessels (right) per month in Zone 1 (north of
Svalbard).
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Figure E-2: Time series of and mean sea ice extent and fishing vessels (left), and passenger vessels (right) per month in Zone 2 (northwest of
Svalbard) and Zone 3 (northeast of Svalbard).
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Figure E-3: Time series of and mean sea ice extent and fishing vessels (left), and passenger vessels (right) per month in Zone 4 (northeast of
Spitsbergen) and Zone 5 (Hinlopen Strait).
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Figure E-4: Time series of and mean sea ice extent and fishing vessels (left), and passenger vessels (right) per month in Zone 6 (east of
Svalbard) and Zone 7 (southwest of Spitsbergen).
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Figure E-5: Time series of and mean sea ice extent and fishing vessels (left), and passenger vessels (right) per month in Zone 8 (around
Edgeøya) Zone 9 (west of Svalbard).
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Figure E-6: Time series of and mean sea ice extent and fishing vessels (left), and passenger vessels (right) per month in Zone 10 (south of
Svalbard) and Zone 11 (southwest of Svalbard).
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Figure E-7: Time series of and mean sea ice extent and fishing vessels (left), and passenger vessels (right) per month in Zone 12 (southeast of
Svalbard).
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